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EIMQINEERING 


VIDEO  DISCS:  YET  ANOTHER  USE  FOR 

YOUR  TV  5ET 


Color  TV  sets  can  be  used  not 
only  to  receive  Teletext  pages  from 
British  TV  transmitters  {ESN  31-2:72), 
to  display  Viewdata  pages  received 
interactively  over  the  telephone  line 
(ESN  31-2:72),  to  provide  a field  in 
which  to  play  games,  to  project  tape- 
cassette  recordings,  and  to  show  photo- 
graphic slides,  but  also  to  exhibit 
moving  pictures  recorded  with  stereo- 
phonic or  bilingual  sound  on  discs. 

This  last  application  was  the  subject 
of  the  Video  Disc  '77  Conference  held 
8-9  November  at  the  British  Academy  of 
Film  and  Television  Arts  (BAFTA)  at  195 
Piccadilly,  London,  which  was  attended 
by  nearly  200  people  from  the  UK, 

France,  Benelux,  West  Germany, 
Scandinavia,  and  the  US. 

Although  a cooperative  effort  be- 
tween Telefunken  of  Germany  and  Decca 
of  Britain  has  produced  the  only  discs 
and  players  to  be  marketed  commercially 
(mainly  in  Germany)  so  far,  this  con- 
sortium was  not  represented  in  the  Con- 
ference program,  and  their  project  was 
described  by  one  speaker  as  a commer- 
cial flop.  Their  players  were  reported 
as  still  in  use,  however,  by  German 
travel  agents  for  showing  vacation 
spots  and  by  a medical  service  for  keep- 
ing doctors  up  to  date  on  new  tech- 
niques, despite  the  fact  that  each  disc 
provides  only  10  minutes  of  information 
on  a 21-cm  disc,  0.1  mm  thick.  In 
Japan  similar  systems  are  being  marketed 
to  provide  English  lessons,  entertain- 
ment, golf  instruction,  etc.  The  meth- 
od of  recording  is  hill-and-dale,  pro- 
duced mechanically  on  the  master  disc 
at  1/2S  or  1/5  of  the  playback  speed. 

A diamond  stylus  attached  to  a piezo- 
electric transducer  reproduces  the  com- 
bined monophonic  audio  and  video  wave- 
form by  mechanically  following  the 
groove  with  the  assistance  of  a drive 
I geared  to  the  rotation  of  the  disc, 

I which  rides  on  an  air  cushion.  When 

properly  handled  the  discs  are  apparent- 
1 ly  not  subject  to  wear,  but  they  are 

! easily  damaged.  In  large-volume  pro- 

I duction  these  discs  cost  less  than 

j 15<  each  for  the  material  and  pressing. 

I Two  other  video-disc  developments, 

1 however,  were  very  much  in  evidence  at 


1 


the  Conference.  Both  that  of  Philips 
(Netherlands)  and  MCA  (US)  and  that  of 
Thomson-CSF  (France)  were  demonstrated 
as  well  as  discussed  by  their  own  rep- 
resentatives. These  two  are  very  sim- 
ilar in  most  respects,  the  principal 
difference  being  that  the  Thomson  disc 
is  transparent  and  is  read  by  a laser 
beam  transmitted  through  the  disc,  while 
the  Philips-MCA  disc  has  an  aluminum 
coating  and  is  read  by  reflection  of 
the  beam  from  a 1-mW  He-Ne  laser.  The 
"grooves"  consist  of  a sequence  of  pits 
whose  lengths  and  spacing  along  the 
"groove"  vary  so  as  to  yield  a frequency- 
modulated  squarewave  with  carrier  fre- 
quency 7.8  MHz  for  Thomson-CSF  and 
9.5  MHz  for  Philips-MCA  carrying  the 
full  video  bandwidth.  Thus,  the  "micro- 
pits" have  dimensions  of  the  order  of 
a urn  (1/25,000  inch). 

These  discs,  like  that  of  Telefunken- 
Decca,  record  one  frame  per  revolution, 
but  they  hold  30  minutes  of  material 
on  each  side,  the  back  side  of  the 
Thomson-CSF  disc  being  readable  (at 
least  in  principle)  without  turning  the 
disc  over — simply  by  focusing  the  objec- 
tive lens  on  the  opposite  side  of  the 
0.006-inch-thick  flexible  disc.  The 
Philips-MCA  disc  is  2 mm  thick  and  is 
stiff,  being  coated  with  pvc  so  as  to 
yield  a smooth  surface  on  which  finger- 
prints and  dust  are  said  to  be  out  of 
focus  and  cause  no  trouble. 

The  designs  take  into  account  both 
NTSC  and  PAL-SECAM  color-TV  standards 
{ESN  31-11:445),  which  involve  30  frames/ 
sec  in  the  US  and  25  in  most  other  coun- 
tries. Thus,  the  discs  turn  1800  or 
1500  rpm,  and  they  include  up  to  54,000 
or  45,000  frames  on  each  side,  each 
frame  being  numbered.  The  frame  number 
is  stored  on  the  disc  in  one  of  the  two 
vertical  retracing  intervals  (when  the 
TV  beam  is  shut  off),  and  it  can  be  dis- 
played, if  desired,  in  the  corner  of 
the  screen.  Provisions  are  included, 
for  selecting  any  particular  frame  or 
sequence  of  frames  for  repeated  display; 
and  slow,  fast,  and  reverse  motion  can 
also  be  selected.  There  is,  in  addition, 
a browsing  mode  that  is  equivalent  to 
glancing  in  turn  at  the  top  of  each  page 
of  a book.  Recording  is  done  photograph- 
ically in  real  time  on  the  master  disc 
by  a laser  beam,  the  spacing  between 
"grooves"  being  less  than  2 qm,  which 
yields  a beautiful  rainbow-colored  dif- 
fraction pattern  when  a spot  of  light 
strikes  the  disc  (particularly  the  re- 
flecting disc). 
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Like  phonograph  discs,  these  two 
video  discs  are  12  inches  in  diameter, 
but  their  information-storage  density 
is  about  500  times  as  great,  and  there 
has  been  some  discussion  of  using  the 
same  techniques  to  put  a few  hundred 
hours  of  sound  alone  on  a disc  or  even 
to  provide  several  billion  bits  of 
fixed  information  or  programs  for  com- 
puters, but  the  Conference  concentrated 
on  the  video  applications.  For  teach- 
ing and  training  the  possibility  of 
looking  at  a single  frame  or  a sequence 
in  slow  motion  can  be  extremely  valua- 
ble, greatly  increasing  the  amount 
of  material  that  can  usefully  be  com- 
pressed into  a one-hour  recording. 

In  addition,  video  discs  are  proposed 
for  such  applications  as  explaining 
new  legislation  or  safety  procedures, 
for  distributing  information  on  the  use 
and  servicing  of  new  products,  for  re- 
cruiting and  training  new  employees, 
for  storing  catalogues  and  encyclope- 
dias, and  for  accompanying  journals 
and  reports  as  well  as  for  documenta- 
ries and  entertainment. 

Video  Disc  '77  took  place  during 
Britain's  electrical  power  workers' 
strike,  and  it  began  with  some  uncer- 
tainty as  to  whether  the  Piccadilly 
area  would  find  its  power  shut  off  in 
the  course  of  the  somewhat  random  shar- 
ing of  the  power  shortage.  This  uncer- 
tainty ended  at  4:45  on  the  first  after- 
noon, when  the  nicely  appointed  BAFTA 
auditorium  fwith  224  duly  labeled  en- 
dowed seats  and  8 large  TV  monitors) 
went  dark.  The  Conference  continued., 
however,  in  the  lobby  with  the  aid  of 
gas  lights  and  a battery-powered  ampli- 
fier. Pocket  flashlights,  which  many 
people  had  learned  to  carry,  solved  the 
problem  of  the  unlighted  cloakroom  when 
the  session  ended. 

A compilation  for  the  Conference 
by  David  Fisher,  editor  of  Screen  Di- 
geet  (37  Gower  St.,  London  WCIF.  6HH)  , 
describes  25  different  video-disc  de- 
velopments, of  which  only  5 survive  as 
independent  efforts.  Of  these,  4 now 
appear  to  be  competing — including  the 
RCA  system  on  which  little  up-to-date 
information  is  available  except  for 
its  aim  of  getting  one  hour  on  each  side 
and  reducing  the  cost  of  the  player. 
[Also  see  D.  Mennic,  "Television  on  a 
Silver  Platter,"  TEES  Sfeatrum  1 2 , 

34-39  (Aug.  1975).]  To  be  successful 
the  manufacturers  feel  a price  under 
$500  for  the  domestic  player  is 


necessary,  with  discs  selling  for  be- 
tween $2  and  $10.  Industrial  models 
will  co.st  more  and  may  include  such 
features  as  a cordless  remote  control 
and  a hard  copier.  The  Philips-MCA 
laser  is  intended  to  cost  only  $10  in 
large-volume  production  and  to  last 
5000  hours,  with  replacement  by  the 
user  requiring  no  adjustments. 

It  seems  that  the  problems  delaying 
video  discs  are  not  technical  but  re- 
sult from  video  tape-cartridge  record- 
ers' having  preempted  the  (US)  market 
(albeit  at  a price  of  the  order  of 
$1000)  and  from  the  vicious  circle  that 
requires  the  availability  of  a wide 
variety  of  programs  on  discs  before 
disc  players  become  attractive  and  a 
large  number  of  the  latter  in  use  be- 
fore such  discs  can  be  produced  econom- 
ically. It  was  announced,  nonetheless, 
that  1000  Thomson-CSl-  players  made  in 
Brittany  will  be  offered  for  sale  late 
in  1978.  Since  in  the  UK  03$  of  the 
color-TV  sets  are  rented,  renting  was 
suggested  as  a method  of  circumventing 
the  uncertainty  about  video  discs. 

Still  another  hang-up  is  the  problem 
of  guaranteeing  writers,  performers, 
musicians,  and  directors  reasonable 
compensation  for  the  not  yet  authorized 
new  use  of  their  work  (cf.  ESN 
31-7:269),  especially  if  video  discs 
should  be  rented.  Divergent  views  were 
expressed  at  the  Conference  as  to  wheth 
er  video  discs  (on  which  few  users  can 
afford  to  record  their  own  programs) 
will  catch  on.  But  it  is  interesting 
to  consider  that  they  may  be  the  vehi- 
cle by  which  lasers  arc  brought  into 
the  home  and  office  along  with  servo 
systems  that  enable  the  optics  to  track 
the  recorded  information  within  a 
micrometer.  (Nelson  M.  Blachman) 


INFORMATION  THFORY  IN  HUNGARY 

In  the  course  of  a recent  trip  to 
Budapest  I visited  the  Mathematical 
Institute  of  the  Hungarian  Academy  of 
Sciences  and  managed  to  include  half 
a day  at  the  Institute  for  Communica- 
tion Electronics  of  the  Technical  Uni- 
versity of  Budapest.  At  these  Insti- 
tutes I also  met  a few  people  from 
other  organizations  in  Budapest  where 
research  on  information  theory  and  sta- 
tistical communication  theory  apparent- 
ly is  also  carried  out — the 
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Telcconiniunicat  ions  Research  Institute 
and  the  Fine  Mechanical  Works.  These 
four,  I was  told,  are  the  principal 
centers  of  Hungarian  research  in  this 
area,  though  some  individuals  elsewhere 
are  also  contributing  to  the  field. 

Since  the  time  of  Josef  Jauch's  vis- 
it to  the  Mathematical  Institute  a dec- 
ade ago  (ONRI,-R- 56-67)  , living  condi- 
tions in  Hungary  have  improved  consider- 
ably, and  Hungarians  are  enjoying  much 
more  contact  with  the  West.  The  shops 
in  Budapest  seem  well  stocked  and  are 
selling  domestic  goods  at  prices  com- 
parable with  those  abroad  except  that 
food  is  relatively  inexpensive.  On  the 
other  hand,  wages  are  only  about  a 
third  of  those  in  Britain,  which  pays 
perhaps  40%  as  much  as  the  US,  iiut  in- 
comes are  augmented  by  extra  jobs  in 
Hungary,  such  as  consulting  or  trans- 
lating. This  situation  may  be  more  the 
result  of  Hungary's  still  being  largely 
agrarian  than  its  being  a Soviet  satel- 
lite, tbough  some  aspects  of  tbe  latter 
status  persist. 

At  the  Mathematical  Institute  the 
wage  scale  is  somewhat  reduced  to  com- 
pensate for  the  attractive  working  con- 
ditions. The  director,  Lliszlo  Fejes 
r(5th,  is  continuing  the  policy  of 
Alfred  Rdnyi,  his  predecessor  and  the 
founder  of  the  Institute,  that  each 
of  the  70  mathematicians  there  should 
be  free  to  choose  his  own  lines  of  in- 
vestigation. The  Institute  is  divided 
into  ten  firoups,  the  three  known  as 
the  "Stochastic  firoups"  being:  Proba- 
bility headed  by  P.ll  K6vesz,  Statistics 
headed  by  Istv.ln  Vineze,  and  Informa- 
tion Theory  headed  by  Imre  Csiszftr. 

These  men  also  have  half-time  appoint- 
ments at  the  bbtvos  University  of  Sci- 
ence in  Budapest,  which  is  the  source 
of  many  of  their  (Iroup  members,  such 
as  JlJnos  Korner. 

Korner  is  a frequent  collaborator 
of  (Isisz.ir's,  and  the  Academic  Press 
will  shortly  publish  the  first  of  their 
two  volumes  in  linglish  on  information 
theory  la  Shannon  in  the  discrete 
case,  exploiting  the  power  of  "typical 
sequences"  in  obtaining  exponential  er- 
ror bounds,  etc.  The  second  volume, 
dealing  with  the  continuous  case,  seems 
to  be  some  years  off  yet.  Along  with 
some  of  their  colleagues,  such  as  Miss 
Katalin  Marton,  they  have  also  been 
working  on  such  topics  as  multiuser 
channels  with  correlated  sources,  reli- 
ability at  rates  above  the  channel  ca- 
pacity, source  coding,  and  information 


measures  (including  the  Ku  1 1 ha  ck  - I.e  i b I e r 
information  divergence)  as  well  as  ap- 
plications to  proliability  and  statis- 
tics. Otbers  in  the  Information  Tbeory 
(Iroup  have  also  been  working  on  piob- 
lems  of  statistical  physics,  comiiina- 
torics,  and  graph  theory. 

A recent  pajier  by  Csisz.lr  and 
Korner,  "Source  Networks  with  Utiauthoi- 
ized  Users"  |J.  inator  uui , InJ'oi'- 

mation  ami  Slyistcm  naicnaca  1,  25- U) 
(1976)1  considers  separate  coding  of 
the  outjiut  of  each  of  two  correlated 
sources.  One  source  is  treated  as  a 
"helper,"  and  its  coded  form  is  made 
available  to  the  destination  in  order 
to  reduce  the  information  rate  required 
for  coding  the  other  source.  The  au- 
thors found  that  (regardless  Of  the 
coding  of  the  helper)  the  latter  rate 
is  independent  of  whether  the  user 
knows  the  coding  of  the  helper  or  he 
does  not  (his  use  of  the  helper  is  "un- 
authorized"); however,  the  coding  re 
(juired  for  the  other  source  is  inori.' 
complicated  in  that  case. 

The  Institute  receives  around  '’ll 
foreign  visitors  per  year  for  various 
periods  of  time,  and  some  of  tlie  result- 
ing collaboration  with  Prof.  (liuseppe 
bongo  (llniv.  of  Trieste)  has  been  men- 
tioned earlier  {EHN  31  -6:229),  Membi'rs 
of  the  Institute  also  have  had  many 
oi)portun  i t ies  to  travel  and  work  abroad 
themselves.  In  one  resj)ect  , however, 
the  Institute  remains  somewhat  narrow, 
as  all  of  its  members  are  mathematicians 
by  training,  and  there  are  no  engineers 
or  i)hysicists  to  introduce  a practical 
point  of  view,  tbough  informal  contacts 
exist  with  engineers  located  elsewhere. 

Vineze,  head  of  the  Statistics  llrou/), 
published  an  Academic  Press  book  Wjtlo- 
matiaal  Nethndn  nf  ntatiniiaal  Qualitj 
Control  in  1974  with  KSroly  Sarkadi 
(a  member  of  his  Group)  as  coauthor, 
and  he  has  also  investigated  the  intei- 
relationship  between  information  theoi)' 
and  statistics  as  well  as  its  applica 
t ion  to  statistical  physics.  fhe  work 
of  his  Croup  concerns  statistics  and 
its  applications,  including  the  fitting 
of  models  and  of  probability  distribu- 
tions. The  Probability  Croup's  inter- 
ests tend  toward  limit  theorems,  strong 
convergence,  and  stochastic 
approx imat  ion . 

With  1700  faculty  members  and  well 
over  10,000  students,  the  Technical 
University  of  Budapest  is  by  far  the 
largest  institution  of  university  stand- 
ing in  Hungary.  Its  Faculty  of 
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Electrical  Engineering  has  a staff 
exceeding  400  and  a student  body  of 
over  3,000.  Within  this  Faculty,  the 
Institute  of  Communication  Electronics, 
headed  by  Prof.  Sandor  Csibi,  is  respon- 
sible for  teaching  and  research  in 
the  fields  of  its  six  Departments:  Com- 
puters, Circuits,  Broadcasting,  Tele- 
phone Exchanges,  Wired  Transmission 
and  Data  Processing,  and  Acoustics — 
each  with  a dozen  to  1.S  staff  members. 

Approximately  200  students  of  tele- 
communication enter  the  five-year  diplo- 
ma program  each  year.  This  degree  re- 
quires a thesis  and  examination  as  does 
the  advanced  degree  "candidate,"  which 
is  equivalent  to  the  PhD  and  is  trans- 
lated as  "doctor."  There  is  also  a 
higher  doctorate  awarded  later  after 
some  years  of  research  and  the  submis- 
sion of  a dissertation  to  an  institute 
affiliated  with  the  Academy  of  Sciences. 
Corresponding  members  of  the  Academy 
are  selected  from  among  these  higher 
doctorates . 

Csibi  had  previously  worked  at  the 
Telecommunications  Research  Institute 
(TKI)  in  Budapest,  which  is  not  affili- 
ated with  the  Technical  University. 

TKI  is  primarily  concerned  with  the  de- 
velopment of  telephone  microwave  relay- 
system  designs  and  prototypes,  but 
Csibi  also  worked  there  on  automatic 
recognition  of  abnormal  patterns  in 
electroencephalograms,  and  he  brought 
this  interest  as  well  as  some  of  the 
TKI  personnel  with  him  to  the  Institute 
for  Communication  Electronics. 

Dr.  G^za  Gordos,  who  heads  the  In- 
stitute's Department  of  Wire  Communica- 
tion and  Data  Processing,  has  studied 
loading  problems  connected  with 
frequency-division-mult iplexed  (EDM) 
telephone  transmission.  In  the  USSR, 
where  many  different  channels  may  be 
carrying  the  same  facsimile  signal 
(an  on-off-keyed  tone)  to  different 
towns  for  use  in  producing  their  local 
newspapers,  the  usual  approach  to  load- 
ing based  on  independent  signals  in 
the  channels  would  not  be  applicable; 
it  would  lead  to  overloading  and,  hence 
to  distortion  and  intermodulation. 

Gordos  is  a consultant  to  Budavox, 
a Hungarian  telephone  manufacturer  sell- 
ing a good  deal  of  equipment  to  the 
USSR;  for  this  comjiany  he  has  also 
developed  a random-waveform  generator 
whose  output  has  both  the  specttum  and 
the  probability  distribution  of  the 
human-voice  waveform  for  use  in  testing 
telephone  systems.  In  addition,  Gordos 
has  written  books  in  Hungarian  on 


filters  and  on  data  transmission 
and  data  processing  as  well  as  doing 
some  book  translation,  and  he  has  in- 
vestigated pattern  recognition  as  ap- 
plied to  voice  waveforms  for  speaker 
identification  and  other  applications. 

Dr.  Ivan  Schmideg,  the  man  I met 
from  the  Fine  Mechanical  Works,  is  cur- 
rently simulating  the  heat  flow  in  a 
cabinet  housing  a microwave  transmit- 
ter. I was  very  glad  to  meet  him  as 
I had  made  use  of  some  of  his  thesis 
work  ("Note  on  the  Evaluation  of 
Fourier  Coefficients  of  Power-Law  De- 
vices," Proa.  IEEE  1383-  1 384  (Aug. 

1968)]  in  determining  what  nonlinearity 
will  have  a prescribed  effect  on  any 
harmonic  of  a sinusoid  as  a function 
of  the  amplitude  of  its  input.  Al- 
though I do  not  know  what  research  in 
communication  theory  is  being  done  at 
the  Fine  Mechanical  Works  (if  any), 

I was  impressed  by  the  amount  of  work 
that  is  being  done  in  this  field  in 
a poor  country  of  only  ten  million  peo- 
ple, and  especially  sc  by  the  output 
of  Mathematical  Institute.  It  is  also 
impressive  that  at  least  seven  mathe- 
matical journals  are  published  in  this 
small  country  in  languages  other  than 
Hungarian,  albeit  for  the  purpose  of 
obtaining  foreign  journals  through  di- 
rect exchanges  as  well  as  facilitating 
the  communication  of  research  work. 

Visitors  to  Hungary  will  find  that, 
once  they  arc  officially  invited,  they 
are  made  very  welcome.  Affiliation 
with  the  U.S  government,  however,  is 
occasionally  an  impediment,  and  contact 
with  each  institution  seems  to  need 
formal  arrangement.  Despite  man,  dif- 
ficulties, it  appears  that  Hungary  is 
able  to  keep  abreast  of  research  in 
the  rest  of  the  world.  Further  details 
are  to  be  found  in  my  forthcoming  re- 
port ONRI.- R- 1 1 - T”  . (Nelson  M.  Blachman 
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PANEL  DISPLAYS 

The  Royal  Signals  and  Radar  Estab- 
lishment (RSRE)  at  Malvern,  Worcs.,  UK, 
previously  the  Royal  Radar  Establishment 
(RRE) , took  its  new  name  following  re- 
cent incorporation  with  the  Services 
Electronic  Research  Laboratory  (SERL) 
at  Baldock,  Herts.,  and  the  Signals 
Research  and  Development  Establishment 
(SRDE)  at  Christchurch,  Hants.  {ESN 
30-11:524).  Another  index  of  change 
in  the  laboratory  is  the  pattern  of  its 
financial  support.  Once  there  was  sup- 
port only  from  the  Ministry  of  Defence 
(MoD) , and  this  continues  to  be  the 
largest  source  of  funds  for  the  organi- 
zation. More  recently  however,  the  De- 
partment of  Industry  (Dol)  has  begun 
to  fund  research  and  development  in  the 
electronics  area,  and  RSRE  has  been 
quick  to  extend  its  expertise  into  areas 
of  concern  to  Dol . 

A case  in  point  is  the  RSRE  display- 
development  work  described  below  which 
is  equally  supported  by  MoD  and  Dol. 

This  broadening  base  of  support  brings 
with  it  some  interesting  complexities. 

As  the  major  British  electronics  labora- 
tory, RSRE  is  often  asked  to  send  its 
experts  to  sit  on  advisory  panels  making 
recommendations  to  MoD  concerning  con- 
tract proposals  by  industry.  The  sym- 
metry is  reversed  in  the  Dol  relation- 
ship. There  the  advisory  panels  are 
populated  by  industrial  experts  who  re- 
view RSRE  proposals  to  be  sure  that  they 
are  sound  and  meet  major  industrial 
needs.  This  reversal  of  the  roles  of 
claimant  and  referee  in  the  MoD  and  the 
Dol  relationships  tends  to  be  reminis- 
cent of  checks  and  balances  character- 
istic of  the  US  Constitution. 

Panel  display  development  is  under 
the  overall  guidance  of  Dr.  Cyril  Hilsum, 
one  of  the  most  senior  and  well-known 
scientists  at  RSRE.  John  Kirton  is  the 
immediate  leader  of  the  group  which 
consists  of  about  six  technical  people. 
The  overall  guiding  principle  in  the 
program  is  one  of  making  large-area  dis- 
plays to  be  seen  by  an  individual.  A 
resulting  goal  is  that  the  speed  of  the 
display  must  be  sufficient  for  the  hu- 
man eye.  Another  is  that  it  should  be 
made — or  be  able  to  be  made — in  1-ft 
square  panels.  Two  kinds  of  display 
panels  are  being  studied;  electrolum- 
inescent and  liquid  crystal. 

The  material  used  in  the  electro- 
luminescent panel  is  ZnS:Mn,Cu.  Rather 
than  imbed  the  phosphor  particles  in 


a dielectric,  the  RSRE  approach  is  to 
coat  them  thinly  with  some  copper,  use 
a small  amount  of  binder  to  hold  the 
particles  rigidly,  and  mount  them  be- 
tween a transparent  electrode,  such 
as  tin  oxide,  and  an  aluminum  backplate. 
In  this  way  the  particles  make  direct 
contact  with  the  electrodes.  The  ap- 
plication of  a dc  potential  causes  elec 
troluminescence  with  a comfortable 
yellow  color.  The  electroluminescence 
response  is  a strong  function  of  volt- 
age so  that  a crossed  grid  system  may 
be  used  to  produce  light  at  the  inter- 
sections when  voltages  of  opposing  po- 
larity are  applied.  By  properly  acti- 
vating portions  of  the  vertical  and 
horizontal  grids,  patterns  may  be  pro- 
duced. In  addition  to  dc  supplies, 
pulsed  voltage  supplies  are  used  with 
a duty  cycle  of  1/200,  which  improve 
the  lifetime  of  the  devices  for  reasons 
that  are  not  very  clear.  The  basic 
yellow  color  can  be  made  green  or  red 
by  using  filters. 

This  system  has  advanced  to  the 
point  where  an  electroluminescent  dis- 
play is  being  considered  by  the  British 
Post  Office  for  use  by  telephone  oper- 
ators. This  particular  display  would 
have  four  lines  of  letters  and  numbers — 
each  with  20  characters — and  could 
be  used  for  giving  operators  dialing 
codes,  routing  information,  and  similar 
simple  working  information.  This  type 
of  display  is  also  being  considered 
as  a way  of  presenting  an  eyecatching 
oscillating  yellow-arrow  warning  to 
helicopter  pilots  in  connection  with 
radar  for  avoiding  power  lines.  A 
cooperating  industrial  group  is  also 
understood  to  have  developed  a control- 
panel  display  using  the  RSRE  system 
for  an  automobile. 

A second  major  RSRE  approach  to 
panel  displays  is  the  development  of 
a liquid-crystal  color  switch.  In 
this  system  the  source  may  be  a mono- 
chrome one  such  as  a cathode-ray  tube 
(CRT)  that  presents  the  information 
to  be  viewed.  A liquid-crystal  trans- 
mission cell  is  placed  over  the  face 
of  the  CRT  to  transmit  in  successive 
frames  either  red  or  green  light.  The 
CRT  display  changes  each  frame,  of 
course,  to  present  the  appropriate  part 
of  the  overall  picture  corresponding 
to  the  color  being  transmitted.  By 
transmitting  both  red  and  green  a 
third  color,  yellow,  can  be  formed 
in  part  of  the  viewed  picture  by  eye 
integration . 
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As  this  use  of  li.,.id  crystals  ap- 
pears to  be  novel,  a brief  analysis  will 
be  }>iven  of  its  operation.  An  extensive 
review  may  be  found  in  an  article  enti- 
tled "Multicolour  Displays  Using  a Liq- 
uid Crystal  Colour  Switch"  by  Ian  A. 
Shanks  in  AGABD  CP167,  pp.  18-1,  1975. 

The  liquid-crystal  cell  employed 
uses  the  "Twisted  Nematic  Effect."  Ne- 
matic liquid  crystals  have  asymmetric 
molecules  that  do  not  normally  have  long- 
range  order.  Ordering,  in  liquid  crys- 
tals, means  only  that  the  orientation 
of  all  the  molecules  is  parallel — there 
is  no  translational  symmetry  as  in  ordi- 
nary crystals.  They  can  be  given  long- 
range  order  in  several  ways;  one  is  to 
apply  an  electric  field  of  about 
10**  V/cm  or  more.  Depending  on  the 
liquid-crystal  material,  the  molecules 
will  align  parallel  or  antiparallel; 
for  simplicity  we  will  assume  in  the 
discussions  here  that  the  long  molecular 
axis  aligns  parallel  to  the  electric 
field.  The  cells  used  at  RSRE  are  typ- 
ically 6 to  40  qm  thick  so  that  volt- 
ages as  low  as  2 or  3 V cause  alignment. 

Alignment  can  also  be  achieved  by 
interaction  of  the  liquid  crystal  with 
the  top  and  bottom  surfaces  of  the  cell. 
In  the  absence  of  an  electric  field  the 
molecules  may  be  ordered  parallel  to 
preferred  directions  on  the  surfaces. 

Such  a preferred  direction  may  be  intro- 
duced by  wiping  the  surface  in  a single 
direction  or  by  evaporating  a dielec- 
tric, such  as  magnesium  fluoride, 
obliquely  on  the  surface.  If  a thin 
cell  is  formed  with  two  such  cell  sur- 
faces parallel  to  each  other,  all  the 
molecules  will  be  parallel.  If  one 
surface  is  now  rotated  by  90°,  the 
orientation  of  the  molecules  will  '"lowly 
change  as  one  proceeds  through  the  cell 
from  one  surface  to  the  other  making 
a total  change  of  90°.  The  gentle  spi- 
ral of  the  molecular  orientations  can 
be  used  to  change  the  direction  of 
orientation  of  transmitted  linearly 
polarized  light.  If  the  polarization 
is  parallel  to  the  molecules  at  the 
front  surface  of  the  cell  and  if  the 
pitch  of  the  molecular  spiral  is  not 
too  great,  the  direction  of  light  po- 
larization will  follow  that  of  the  mole- 
cules and  will  also  be  twisted  by  90° 
in  passing  through  the  cell.  This  ef- 
fect is  independent  of  the  wavelength 
of  the  transmitted  light. 

The  liquid-crystal  switch  is  pro- 
duced by  applying  both  of  these  order- 
ing mechanisms  to  the  same  cell.  With 


no  voltage  applied,  the  direction  of 
polarization  of  the  transmitted  light 
is  rotated  by  90°.  With  the  applica- 
tion of  a strong  electric  field  across 
the  cell,  virtually  all  the  molecules 
orient  parallel  to  the  field  and  polar- 
ized light  will  pass  through  without 
having  its  direction  altered.  The 
application  of  voltage  then  causes 
transmitted  plane-polarized  light  to 
switch  its  direction  of  polarization 
by  90°.  This  is  the  unique  feature 
of  the  cell. 

The  final  step  in  producing  a color 
display  is  more  familiar.  It  involves 
the  addition  of  a birifringent  sheet 
to  change  linearly  polarized  into 
elliptically  polarized  light.  A common 
demonstration  is  to  place  cellophane 
between  crossed  polarizers.  Colored 
light  is  transmitted.  If  one  of  the 
polarizers  is  rotated  by  90°,  the  com- 
plementary color  is  produced.  Exactly 
the  same  phenomenon  is  used  in  the 
color  switch;  the  liquid  crystal  is 
used  to  switch  the  polarization  and 
therefore  the  color. 

Most  of  the  technical  problems  re- 
quiring solution  to  produce  a practical 
large-area  color  switch  have  been 
solved.  The  RSRE  group  is  now  concen- 
trating on  finding  applications  for 
their  color  switch  that  will  guide 
further  development  and  justify  its 
transition  to  industry. 

RSRE  feels  that  the  use  of  panel 
displays  is  in  its  infancy  and  that 
there  is  a long-range  potential  for 
improvement  over  the  CRT  that  is  simi- 
lar to  the  improvements  introduced 
into  electronics  by  the  advent  of 
solid  state  devices.  RSRE's  record 
of  achievement  suggests  attention  to 
this  view.  (Clifford  C.  Klick  and 
A.W,  Pryce) 
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SHEFFIELD  INTERNATIONAL  CONFERENCE  ON 

Response  within  the  i n terna t i ona 1 
solidification  community  to  this  first 
general  conference  on  the  topics  cov- 
ered since  the  Brighton  Conference 
of  ten  years  ago  might  almost  be  charac 
terized  as  overwhelming.  The 
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International  Conference  on  Solidifi- 
cation and  Casting,  held  at  the  Univer- 
sity of  Sheffield  on  18-21  July,  was 
extended  beyond  the  initially  planned 
20  July  conclusion  date  so  that  time 
could  be  found  to  accommodate  presenta- 
tion of  the  81  papers  accepted  by  the 
organizing  committee.  The  meeting  was 
truly  international  in  composition,  with 
the  235  participants  representing  28 
countries . 

The  Conference  surely  had  the  busi- 
est schedule  of  any  attended  by  this 
reviewer,  as  it  consisted  of  7 sequen- 
tial sessions  with  10  to  12  presenta- 
tions in  each.  This  format  allowed  many 
topics  to  be  covered,  but  left  little 
time  for  discussions  or  relaxation. 

Lest  the  attendees  felt  too  overworked, 
however,  the  organizers  arranged  a 
dinner,  plus  an  exceptional  social 
event.  All  participants  and  spouses 
were  guests  of  the  City  of  Sheffield 
at  a civic  reception  hosted  by  the  Lord 
Mayor  and  at  an  elegant  dinner  and  ball. 

The  remaining  evening  of  the  Confer- 
ence was,  in  a sense,  a mixture  of  busi- 
ness and  pleasure,  for  all  were  invited 
to  attend  the  26th  Annual  Hatfield 
Memorial  Lecture  with  a buffet  follow- 
ing. This  year's  lecturer.  Dr.  Richard 
Week  (Director  General  of  the  Welding 
Institute,  Abingdon,  Cambs.,  UK),  spoke 
on  the  responsibility  of  the  steel  in- 
dustry to  produce  steels  meeting  quality 
standards  necessary  for  production 
of  weldments  with  the  strength  and  in- 
tegrity required  in  modern  engineering 
applications.  A major  thesis  of  his 
lecture  was  that  requisite  standards 
could  be  achieved  at  an  acceptable  cost 
if  the  producers  were  to  devise  ways 
of  incorporating,  in  an  integral  manner, 
inlays  of  superior-quality  steel  into 
those  portions  of  their  mill  products 
that  are  to  be. subsequently  welded. 

Topics  discussed  in  the  seven  tech- 
nical sessions  covered  such  a broad 
range  of  research  and  development  activ- 
ities that  a brief  report  such  as  this 
can  only  sample  the  ideas  presented. 

In  the  hope  of  making  this  sample  repre- 
sentative, I will  comment  on  one  talk 
from  each  session. 

In  the  session  on  Basic  Studies, 

M.P.  Stephenson  (Tube  Investments,  Ltd., 
Birmingham)  and  J.  Beech  (Univ.  of 
Sheffield)  presented  a study  of  "In 
!jitu  Radiographic  Observations  of  Sol- 
ute Redistribution  During  Solidifica- 
tion." They  used  an  x-ray  vidicon  tube 
and  a TV  monitor  to  make  real-time 


observations  of  morphology  and  solute 
distribution  in  300-um  thick  aluminum 
alloy  samples  sandwiched  between  two 
pieces  of  graphite.  With  their  experi- 
mental geometry,  resolution  was  approxi- 
mately 10'^  mm.  Good  contrasts  were 
obtained  when  the  liquid  and  solid 
phases  had  differences  in  linear  absorp- 
tion coefficients  of  greater  than 
1 (mm)"*.  They  studied  the  effect  of 
growth  direction  and  interface  speed 
during  solidification  of  Al-Au  and  Al- 
Ni  alloys,  with  confidence  that  their 
results  were  unperturbed  by  quenching 
effects.  As  an  example  of  their  results, 
they  found  that  when  solidifying 
Al-21  Au  alloys,  pronounced  solute  par- 
titioning occurred  ahead  of  the  solid/ 
liquid  interface  during  upward  growth, 
but  with  a downward  interface  velocity 
of  12  pm/sec,  no  solute  accumulation 
was  discernible. 

The  session  on  Eutectic  and  Peri- 
tectic  Solidification,  began  with  a 
keynote  address  under  the  same  title 
by  Professor  Mats  Hillert  (Royal  Insti- 
tute of  Technology,  Stockholm).  He 
introduced  his  paper  with  the  hypothesis 
that  theoretical  treatments  of  solidi- 
fication phenomena  are  frequently  made 
unnecessarily  complicated  by  including 
both  heat  and  mass  flow  in  the  analy- 
sis. Using  the  assumption  (common  to 
his  many  analyses  of  solid-state  trans- 
formations) that  the  system  can  be 
treated  as  isothermal,  he  presented 
solutions  for  the  growth  velocity  and 
thickening  kinetics  for  degenerate  eu- 
tectic growth  and  for  the  peritectic 
reaction  and  transformation.  On  an- 
other front,  he  pointed  out  that  there 
has  been  surprisingly  little  work  on 
the  effect  of  ternary  additions  on  eu- 
tectic growth.  With  a "rough"  theoret- 
ical treatment  he  demonstrated  that 
the  width  of  the  two-phase  dendrite-like 
cellular  structures,  that  occur  when 
ternary  additions  are  made  to  a binary 
eutectic,  is  not  at  all  coni' .'c’ led  by 
the  same  factors  that  operate  -n  ordi- 
nary dendritic  growth.  He  predicts 
that,  contrary  to  ordinary  dendrites, 
the  thickness  of  these  two-phase  den- 
drites will  decrease  with  increasing 
alloy  content. 

Hillert  also  presented  an  interest- 
ing discussion  of  problems  involved 
in  producing  aligned  structures  by  peri- 
tectic reactions.  He  predicted  that 
if  the  solidification  temperature  can 
be  depressed  well  below  the  peritectic 
temperature,  aligned  structures  should 
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be  attainable  in  systems  in  which  the 
solid  phases  involved  exhibit  fixed 
stoichiometries . 

In  the  session  on  Nucleation  and 
Grain  Refinement,  J.  Campbell  and  P.D. 
Caton  (Fulmer  Research  Institute,  Ltd., 
Slough,  UK)  presented  an  interesting 
study  of  "The  Grain  Refinement  of  Elec- 
troslag Remelted  Ingots."  In  experi- 
ments with  an  austenitic  stainless 
steel.  Inconel  600,  and  with  Nlmonic  90 
they  achieved  grain-size  refinements 
of  up  to  loo  by  introducing  particles 
(approximately  3 mm  in  diameter)  of  the 
same  composition  as  the  feed  stock  di- 
rectly into  the  melt.  The  7S-mm- 
diameter  ingots  were  electromagnetically 
stirred  during  the  refining  process  to 
aid  particle  dispersal.  The  stirring 
was  found  to  improve  surface  finish  and 
to  promote  grain  multiplication  as  well 
as  to  reduce  power  requirements  by  up 
to  201.  Particle  additions  of  up  to 
531  were  attainable  without  adverse  ef- 
fect. One  of  the  most  interesting  met- 
allurgical effects  was  that  reduced  sol- 
ute redistribution  in  the  Nimonic  90 
resulted  in  improved  mechanical  proper- 
ties; e.g.,  homogenized  material  was 
softer  and  aged  material  was  harder  than 
control  materials.  A limitation  to  this 
approach  is  that  the  economic  applica- 
tion is  dependent  upon  availability  of 
low-cost  feed  particles  (preferably  of 
approximately  spherical  shape  with 
about  3-mm  diameter)  at  a low  cost. 

In  the  session  on  Solidification 
and  Quality  Control — Continuous  Cast- 
ing, five  of  the  eleven  papers  presented 
calculations  related  to  heat-flow  ef- 
fects during  continuous  casting.  In 
one  of  these,  J.  Mathew  (Combustion  En- 
gineering, Inc.,  Slough,  UK)  and  H.D. 
Brody  (Univ.  of  Pittsburgh,  PA)  dis- 
cussed the  "Simulation  of  Heat  Flow  and 
Thermal  Stresses  in  Axisymmetric  Con- 
tinuous Casting."  Theirs  is  a finite- 
element  analysis  that  takes  into  account 
the  heat  flow  and  displacements  in 
the  axial  and  radial  directions  of  the 
casting  and  accounts  for  the  temperature- 
dependence  of  material  properties. 

The  model,  which  can  account  for  all 
boundary  conditions  normally  encountered 
in  continuous  casting,  was  applied  to 
the  casting  of  5084  aluminum-magnesium 
alloy  at  different  rates.  They  found 
that  increasing  the  casting  rate  from 
8.9  to  10.2  cm/min  should  increase 
the  maximum  normalized  stress  from  1.7 
to  3.5:  it  is  Just  in  this  range  of 
cooling  rates  that  centerline  cracking 


occurs  experimentally.  Other  calcu- 
lations such  as  the  effect  of  casting 
rate  on  the  temperature  and  freezing- 
range  profiles  were  also  in  agreement 
with  experiment,  indicating  that  a 
model  such  as  this  could  be  valuable 
to  operators  of  continuous-casting 
installations.  More  general  use  must 
await,  however,  the  availability  of 
additional  data  on  the  temperature- 
dependent  properties  of  commercial 
alloys.  Some  such  data  is  becoming 
available,  as  evidenced  by  the  paper 
in  this  session  by  Kinoshitu,  Kasai, 
and  Emi  (Kawasaki  Steel  Corporation). 

I will  not  summarize  this  paper,  but 
mention  only  that  they  have  generated 
some  valuable  data  on  "Crack  Formation 
and  Tensile  Properties  of  Strand  Cast 
Steels  up  to  their  Melting  Points." 

In  the  session  on  Solidification 
and  Quality  Control,  U.  Feurer  and 
R.  Wunderlin  (Swiss  Aluminum,  Ltd.) 
presented  an  "Investigation  of  Porosity 
Formation  and  Acoustic  Emission  Meas- 
urements during  Solidification  of  Alum- 
inum Alloys."  Experiments  with  both 
NallCO,  in  water  and  with  aluminum  al- 
loys convinced  the  authors  that  their 
experimentally  observed  acoustic  emis- 
sions correlated  with  the  formation 
of  hydrogen  bubbles  in  the  liquid. 

From  the  aluminum-alloy  solidification 
experiments  they  concluded  that  the 
total  acoustic  emission  depended  on 
the  hydrogen  content  of  the  melt,  the 
type  of  nucleation  site  (e.g.,  between 
dendrite  side  arms  and  in  the  inter- 
dendritic  fluid),  and  the  alloy  com- 
position (possibly  because  of  a vapor/ 
liquid  surface-energy  dependence  on 
composition).  They  then  made  a theo- 
retical prediction  of  acoustic  emis- 
sion with  time  that  incorporates  the 
dependence  of  hydrogen  content  in  the 
liquid  upon  volume  fractions  of  dendrit 
ic  and  eutectic  phases  solidified  and 
on  the  temperature-dependence  of  hydro- 
gen solubilities.  This  rather  simple 
theory  gave  a reasonable  fit  with 
experiment . 

While  the  data  obtained  are  less 
comprehensive  than  those  presented 
in  the  same  session  by  Entwistle, 
Gruzleski,  and  Thomas  (McGill  Univ., 
Montreal,  Canada),  the  ease  of  data 
gathering  compared  to  the  time- 
consuming  density  measurements  of  the 
latter  authors  may  well  recommend  the 
acoustic-emission  technique  for  quality 
control  application. 
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a modification  of  the  historic  tech- 
nique is  a few  millimeters  thick  (typ- 
ically 2 to  5 mm),  the  width  of  the 
gating  mechanism  100  mm  (in  this  work), 
and  typically  3 m long.  The  sheet-cast 
aluminum  alloys  have  a pronounced  den- 
dritic surface  structure  which  could 
be  smoothed  by  the  addition  of  a small 
amount  of  sodium. 


4m, 


The  next- to-the- last  session  was 
a diverse  one,  covering  Structure  and 
Property  Relationships  and  Welding. 

In  their  presentation,  M.  McLean  and 
P.N.  Quested  (National  Physical  Labora- 
tory, Teddington,  Middx.,  UK)  discussed 
the  "Effect  of  Variations  in  the  Growth 
Rate  and  Temperature  Gradient  on  the 
Microstructure  and  Creep  Properties  of 
Directionally  Solidified  Eutectic  Com- 
posites." The  five  eutectic  alloys 
they  studied  were  produced  at  low  growth 
rates  (G)  with  steep  temperature  gradi- 
ents (R) . These  growth  conditions  re- 
sulted in  a refinement  of  structure  that 
produced  improved  creep  properties  in 
three  of  their  nickel-based  superallo/s, 
so  long  as  the  G and  R values  employed 
resulted  in  plane-front  solidification. 
The  cellular  microstructures  that  were 
produced  with  excessive  growth  rates 
had  less  attractive  creep  properties 
than  the  less  fine  structures  grown  un- 
der plane-front  conditions. 

Creep  properties  of  both  the  73C 
(a  Co7Cr  - Cr7Cs  alloy)  and  the 
Fe,  Cr,  A1 , Y - Cr7Cs  alloy  deteriorated 
with  the  small  fiber  sizes  produced 
at  high  G and  R values.  Microstructural 
observations  revealed  that  the  Cr7C5 
strengthening  fibers  in  the  73C  alloy 
were  not  stable  during  the  creep  test, 
but  transformed,  probably  to  MisC*. 

This  transformation,  and  a similar  one 
believed  to  occur  in  the  Fe,  Cr,  Al, 

Y - Cr7Cs,  limits  the  utility  of  struc- 
ture refinement  for  creep  inhibition. 
Similar  results  would  probably  occur 
in  all  other  alloys  with  unstable 
structures . 

The  final  session  entitled  New  Proc- 
esses and  Products  covered  such  topics 
as  stircasting,  melt  extraction,  laser 
glazing,  and  electrostirring  and  direc- 
tional solidification  of  steels.  One 
process  presented  was  new  to  most  of 
the  audience  but  has  been  used  in  one 
form  for  at  least  two  hundred  years. 

A.  Handasyde  Dick,  M.C.  Simms,  D.D. 
Double,  and  A.  Hellawell  (Oxford)  de- 
scribed "A  Sheet-Casting  Process  for 
Aluminum  and  Aluminum  Alloys"  which  is 
based  on  the  process  long  used  to  pro- 
duce lead-tin  sheet  for  the  fabrication 
of  organ  pipes.  The  historic  method 
consists  of  running  a wooden  box  of  the 
design  shown  in  the  figure  along  a 
stone  slab  covered  with  linen  cloth. 

The  linen  (or  sand  in  the  case  of  roof- 
ing sheet)  serves  to  prevent  the  trap- 
ping of  air  or  moisture  under  the  sheet. 
The  sheet  produced  by  the  authors  using 


The  process  could  probably  be  scaled 
up  to  permit  continuous  casting  of 
sheets  2-  to  5-mm  thick  by  using  a 
contrarotary  drum  or  belt.  The  authors 
believe  the  plant  would  be  simple, 
relatively  cheap,  and  require  a minimum 
of  maintenance. 

In  his  concluding  remarks.  Profes- 
sor J,  Nutting  (Univ.  of  Leeds,  UK) 
expressed  the  opinion  of  many  that 
the  Conference  was  most  successful, 
and  that  another  one  of  this  type 
should  be  organized  in  less  than  another 
ten  years.  (Jack  D.  Ayers,  Naval  Re- 
search Laboratory,  Washington,  DC) 


A CONUNDRUM:  IMPROVEMENT  IN  THE 

pTfornRTirsTjr  in-mTTUM  is  wot 

MrRRgRT-D  Br  TWCTFASTn)~[J5^ 

The  Fourth  International  Conference 
on  Beryllium  was  held  in  London  from 
4 to  7 October  at  the  Royal  Society, 
with  sponsorship  also  by  the  Metals 
Society.  A smooth  organization  com- 
bined with  the  visceral  and  aesthetic  j 

pleasures  of  lunches  and  cocktails  j 

in  the  Georgian  atmosphere  of  the  So-  j 

ciety's  headquarters  made  for  a * 
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pleasant  meeting.  What  a refreshing 
contrast  to  the  functional  (on  occasion) 
meeting  rooms  of  hotels,  the  normal 
venue  for  meetings  in  the  US.  The 
Conference  attracted  a total  of  129  peo- 
ple, although  quite  a number  less  than 
that  attended  all  four  days.  A success- 
ful feature  of  the  Conference  organi- 
zation was  the  blocking  of  subjects  into 
interest  areas,  permitting  people  to 
attend  those  sessions  (or  days)  of  spe- 
cific interest  to  them.  Since  the  or- 
ganizers expected  about  60  people, 
and  since  by  one  participant's  estimate 
the  total  number  represented  about  20t 
of  the  active  workers  in  the  field, 
the  Conference  can  certainly  be  viewed 
as  a success.  This  success  was  only 
marred  by  the  absence  of  anyone  from 
the  US  Energy  Research  and  Development 
Authority  (ERDA) . 

However,  while  such  numbers  indi- 
cate a continuing  interest  in  the  prop- 
erties and  applications  of  beryllium 
(Be),  the  tone  of  the  meeting  made 
it  clear  that  it  does  not  signal  in- 
creasing use  of  the  material.  Quite 
to  the  contrary,  a general  mood  of  pes- 
simism prevailed  punctuated  only  occa- 
sionally by  brave  statements.  Particu- 
larly for  structural  applications,  the 
long  time  frame  needed  to  develop  the 
requisite  strength,  toughness  (ductil- 
ity) , and  fabrication  properties  that 
now  appear  to  have  been  largely 
achieved,  has  led  to  other  materials, 
particularly  composites,  being  used  in- 
stead of  Be.  The  concern  over  toxicity 
and  quite  rigid  health-safety  restric- 
tions have  further  limited  expansion 
into  potential  new  areas,  such  as  con- 
sumer goods,  although  in  Japan  some  Be 
parts  are  now  being  used  in  audio  speak- 
ers. Thus,  while  Be  continues  to  play 
an  important  role  in  nonstructural  ap- 
plications, such  as  optical  mirrors, 
and  inertial  and  gyroscopic  systems, 
the  critical  concern  is  whether  the 
level  of  market  generated  by  these  and 
some  structural  applications  is  suffi- 
cient to  sustain  viable  Be  production 
and  large-scale  fabrication  facilities. 

There  are  only  two  companies  in  the 
US  that  produce  Be,  Kawecki  Berylco 
(KBI)  and  Brush-Wellman , and  the  current 
depressed  market  for  the  metal  could 
lead  to  a critical  reevaluation  of  the 
commitment  these  companies  have  towards 
the  product.  For  example,  only  about 
101  of  the  total  sales  of  KBI  are  at- 
tributable to  Be.  Both  users  and  pro- 
ducers alike  voiced  the  opinion  that 


this  mirrors  an  insufficiency  in  the 
capital  base  needed  to  continue 
the  very  vigorous  research  and  devel- 
opment programs  being  carried  out  by 
these  two  companies,  as  well  as  by 
a few  smaller  companies  specializing 
in  fabrication  or  nonstructural  appli- 
cations. The  solution  to  these  prob- 
lems are  not  simple  nor  short  range. 
Certainly  the  improvement  in  proper- 
ties, demonstrated  in  many  of  the  pa- 
pers, showed  that  any  pessimism  on 
the  future  of  Be  products  is  not  yet 
accompanied  by  defeatism  or  a reduc- 
tion in  research  output. 

The  opening  keynote  address  by  Dr. 

D.  Webster  (Lockheed-Palo  Alto,  CA) 
stressed  the  main  theme  of  the  mechan- 
ical properties  papers,  namely  that 
refinement  of  grain  size  and  control 
of  inclusion  content  (primarily  BeO) , 
is  necessary  to  obtain  elongation  val- 
ues greater  than  about  5%,  the  minimum 
value  required  to  make  the  material 
in  any  way  acceptable  to  structural 
designers.  He  suggested  that  in  fine- 
grained Be,  enhanced  grain-boundary 
sliding  can  promote  improved  ductility, 
although  it  appears  to  be  accompanied 
by  a fracture  mode  transition  from 
transgranular  brittle  cleavage  to  elas- 
tic grain-boundary  fracture  (a  brittle 
fracture  with  little  evidence  of  asso- 
ciated plastic  deformation).  Subse- 
quent papers  discussed  fabrication 
techniques  that  could  lead  to  elonga- 
tions of  this  amount  and  more,  although 
these  would  not  always  be  isotropic 
values . 

The  propensity  for  Be  to  fracture 
brittlely  in  a cleavage  mode  was  treated 
in  a somewhat  philosophical  paper  by 
S.F.  Pugh,  [Atomic  Energy  Research 
Establishment  (AERE) , Harwell,  UK]. 

He  had  predicted  about  25  years  ago 
that  Be  was  intrinsically  brittle; 
in  this  paper  he  reexamined  his  predic- 
tion vie-^-vie  the  counter  argument 
that  purity  is  the  dominant  controller. 
Pugh,  using  the  somewhat  general  cor- 
relaticn  of  the  ratio  of  the  elastic 
bulk  lulus  to  the  elastic  shear 
modulus  to  ease  of  slip,  showed  that 
Be  has  the  lowest  ratio  of  all  the 
hexagonal  metals.  He  believes  the 
resultant  hard-shear  mode  has  its 
origin  in  the  partially  covalent  na- 
ture of  the  bonding  in  Be.  Slip  by 
plastic  deformation  is  then  a diffi- 
cult stress  relaxation  mechanism,  and 
brittle  cleavage  occurs.  The  crack 
transition  to  intergranular  cracking 
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in  fine-grained  Be  is  suggested  to  be 
related  to  the  presence  of  grain- 
boundary particles.  This  is  an  inter- 
esting argument  that  appears  conceptu- 
ally correct,  but  needs  to  be  developed 
further  to  take  into  account  such  fac- 
tors as  microstructure.  In  a practical 
sense,  if  the  requisite  ductility  param- 
eters are  reached,  the  final  fracture 
mode  is  relatively  unimportant  since 
structures  are  rarely  designed  to  total 
elongation. 

Prof.  G.V.  Raynor  (Univ.  of 
Birmingham,  UK)  looked  at  ways  of  pre- 
dicting the  chemical  composition  of 
beryllides,  the  Be  intermetallic  phases, 
using  a hard-sphere  model.  He  has  de- 
veloped reasonably  successful  predic- 
tive rules,  similar  to  those  for  other 
compounds,  relating  the  stoichiometry 
of  the  compound  to  the  atomic  radius 
of  the  metal  and  its  position  in  the 
periodic  table. 

Dr.  T.A.  Myers  (Univ.  of  Manchester, 
UK)  examined  the  reliability  of  using 
different  proposed  pseudopotential- 
distance  relationships  in  a calculation 
of  vacancy  and  stacking  fault  energies. 
His  calculations  show  that  Be  has  high 
vacancy  formation  and  stacking- fault 
energies  compared  to  most  other  hexag- 
onal metals.  The  former  value  is  in 
agreement  with  the  high  activation  en- 
ergy of  1.6-1. 7 eV  for  self-diffusion 
in  Be.  The  high  stacking- fault  energy 
was  supported  by  the  results  of  an  ex- 
perimental paper  by  Dr.  F.  Aldinger 
(Max-Planck  Institute  fUr  Werkstoff- 
wissensechaften,  Stuttgart,  FRG) . He 
used  the  maximum  resolving  power  of  the 
electron  microscope  to  predict  a lower 
value  of  the  basal-plane  stacking-fault 
energy  of  790  erg/cm*  for  pure  Be.  This 
high  value  restricts  the  ease  of  basal 
cross  slip,  and  was  used  to  explain  the 
occurrence  of  basal  cleavage  microcracks 
resulting  from  dislocation  pile-ups. 

He  showed  further  that  an  increase 
in  temperature  affects  the  relative 
stacking- fault  energy  of  the  basal  and 
prism  planes,  which,  he  suggests,  ex- 
plains the  ductility  increase  above 
470  K,  when  presumably  extensive  cross 
slip  becomes  possible.  Although  self- 
consistent,  more  direct  experimental 
support  of  the  model  is  needed. 

The  subject  of  microcracks  in  Be 
was  treated  in  several  papers;  their 
importance  in  affecting  ductility  and 
dimensional  stability  is  obvious.  The 
results  presented  were  often  contradic- 
tory and  thus  led  to  some  confusion  in 


interpretation.  One  reason  for  this 
is  possible  difficulty  in  discriminat- 
ing between  microcracks  and  microtwins, 
both  of  which  can  occur.  In  fact, 
some  of  the  reported  observations  of 
blunted  microcracks  that  spontaneously 
disappeared  upon  heating  must  surely 
be  wrong;  the  researchers  must  have 
been  observing  detwinnlng  instead. 

Dr.  J.S.  White  (AERE,  Aldermaston,  UK) 
described  a series  of  studies  on  thin 
foils  of  extruded  ingot  or  hot-pressed 
Be,  fractured  in  tension  at  both  ambi- 
ent and  high  pressures  and  then  exam- 
ined in  the  electron  microscope.  The 
hydrostatic  pressure  enhanced  fracture 
ductility,  as  expected.  White  attrib- 
uted this  to  subgrains  acting  as  crack 
blunters.  Such  cracks  are  actually 
found  prior  to  total  fracture  in  speci- 
mens taken  to  the  necking  strain. 

The  dimensional  instabilities  of 
Be  parts  of  the  order  of  100  x 10‘* 
observed,  for  example,  during  the  manu- 
facture of  gyroscopic  parts  were  stud- 
ied by  Dr.  D.C.  Plane  (Plymouth  Poly- 
technic, UK)  using  internal- friction 
techniques.  The  behavior  was  rational- 
ized as  being  due  to  the  depinnlng 
of  dislocations  from  impurities  and 
was  analyzed  using  the  well-known 
Granato-Lucke  model.  The  calculated 
internodal  and  interparticle  spacings 
were  in  reasonable  accord  with  experi- 
mental or  inferred  values,  lending 
credence  to  this  approach.  This  ex- 
planation is  also  consistent  with  the 
observations'"  that  annealing  prior  to 
and  after  manufacture  reduces  the 
microstrain,  and  that  the  extent  of 
the  strain  varies  with  material  and 
presumably  grain  size  and  purity. 

A series  of  four  Russian  papers 
were  presented  (all  by  the  same  per- 
son, G.F.  Tikhinskij)  summarizing  work 
at  the  Physico-Technical  Institute 
in  Kharkov.  One  quite  remarkable  re- 
sult was  presented.  They  claimed  that 
by  the  use  of  programmed  deformation 
and  thermal  treatment  on  99.51  purity 
Be,  isotropic,  equiaxed  45  pm  grain- 
size  material  with  the  following  room- 
temperature  mechanical  properties 
could  be  obtained:  75,000  psi  ulti- 
mate tensile  strength  and  22t  elonga- 
tion, a quite  significant  achievement, 
making  Be  quite  competitive  with  struc- 
tural aluminum,  for  example. 

Another  major  portion  of  the  Con- 
ference was  devoted  to  a discussion 
of  Be-based  applications,  both  current 
and  proposed.  By  means  of  introduction. 
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the  following  listings  presents  those 
properties  of  Be,  either  obtained  or 
strived  for,  that  make  it  useful  as 
well  as  those  problems  that  must  be 
overcome  to  afford  it  greater 
applicability: 

Positive  Factors — high  modulus- to- 
weight  ratio,  dimensional  stability, 
thermal  expansion  compatability  with 
numerous  materials  to  which  it  is 
joined,  reasonable  high-temperature 
strength  and  toughness,  good  optical 
properties,  low  inertial  properties, 
low  nuclear  cross  section  for  neutrons, 
and  a good  neutron  moderator.  Negative 
Factors — cost,  low  toughness,  poor  creep 
ductility,  bonding  problems  due  to  ox- 
ide tenacity,  toxicity,  and  inbuilt 
prejudice  towards  its  use. 

In  a paper  on  structural  applica- 
tions, S.  Channon  (Aerospace  Co.,  CA) 
discussed  the  need  for  an  improved  data 
base  beyond  uniaxial  tensile  properties 
(e.g.,  biaxial,  impact,  bearing 
strength) . He  also  suggested  that  fu- 
ture development  work  concentrate  on 
a more  limited  number  of  alloys,  with 
3 hopeful  identification  of  a workhorse 
alloy.  There  are  also  requirements  to 
control  crystallographic  texture  (prob- 
ably by  secondary  forming) ; increase 
microyield  strength  to  improve  dimen- 
sional stability;  develop  selected  use 
of  Be  components  in  multimaterial  hybrid 
structures,  particularly  for  stiffness 
and  weight-critical  application;  and 
to  reduce  primary  and  secondary  fabri- 
cation costs.  His  opinion  was  that  many 
or  most  of  these  properties  are  attaina- 
ble, provided  there  is  sufficient  fi- 
nancial incentive  for  companies  to  car- 
ry through  on  development  programs. 

In  the  area  of  nonstructural  appli- 
cations, many  uses  are  well  defined, 
and  the  consensus  was  that  associated 
problems  are  minor  compared  to  those 
presented  above.  A number  of  papers 
discussed  the  good  optical  properties 
of  Be  that  have  led  to  its  use  as  x-ray 
tube  windows  because  of  excellent  trans- 
parency to  soft  x-rays,  as  well  as 
in  proportional  x-ray  counters,  high- 
speed scan  mirrors  and  telescopes,  and 
infrared  systems.  Further,  Be's  resis- 
tance to  thermal  shock  and  relative  in- 
ertness to  propellents  and  combustion 
products  make  it  useful  in  thermal  rock- 
et nozzles.  Its  low  density  makes  it 
useful  in  aircraft  brake  systems.  A 
quite  important  area  is  based  on  Be's 
good  inertial  response  and  dimensional 
stability  that  make  it  useful  for 


navigation  systems  where  any  movement 
of  the  mass  center  appears  as  a navi- 
gational error.  Dr.  J.S.  White  in 
a second  paper  discussed  this  appli- 
cation at  length.  The  aim  as  he  sees 
it  is  not  only  to  design  symmetrical 
parts  to  avoid  geometric  effects,  but 
also  to  avoid  dimensional  instabilities 
resulting  from  either  microyielding 
due  to  the  imposition  of  an  applied 
stress  (elasto-plasto  instability), 
inherent  instability  that  manifests 
itself  as  an  external  stress- 
independent,  time-dependent  dimensional 
change  resulting  from  either  micro- 
creep or  from  solid-state  aging  reac- 
tions, or  from  changes  in  the  residual 
stress  pattern;  this  final  factor  is 
really  a subset  of  the  inherent  insta- 
bility problem.  White  found  in  his 
study  that  heavy  machining  of  the 
surface  is  the  only  factor  leading 
to  serious  dimensional  instabilities 
(>10  X 10‘‘),  He  concluded  that  since 
machining  damage  is  routinely  removed, 
instability  is  not  an  uncontrollable 
problem  to  date  unless  changes  of  the 
order  of  less  than  1 part  in  10‘  cannot 
be  tolerated.  For  such  applications 
advanced  development  is  needed.  Con- 
trol requires  an  understanding  of  the 
role  of  texture,  microstructure,  micro- 
yield stress,  and  thermal  treatment. 
Extrapolation  of  data  from  existing 
studies  to  new  alloys  is  complicated 
by  the  fact  that  these  properties  do 
apparently  vary  with  the  grade  of  Be 
and  its  method  of  production  (e.g., 
powder,  casting,  etc.). 

An  excellent  Conference  summary  was 
provided  by  Dr.  G.C.  Ellis  (AWRE, 
Aldermaston,  UK)  in  a prepared  discus- 
sion. (He  was  also  the  dinner  speaker 
at  the  Conference  banquet).  He  saw 
the  current  overall  position  for  Be 
as  follows:  There  are  only  two  Be 
firms  in  the  Western  hemisphere,  with 
both  operating  at  a very  low  level 
of  capacity.  Their  weak  position  is 
all  the  more  distressing  since  they 
have  had  a large  and  fruitful  property- 
development  program.  The  overriding 
negative  factors  for  expanded  use  of 
Be  are  toxicity  and  cost.  Any  signif- 
icant long-range  improvement  in  its 
acceptability  and  viability  will  not 
come  from  applications  such  as  gyro- 
scope, mirrors,  x-ray  windows,  etc., 
S'ince  these  are  low  tonnage  uses. 
Instead  Be  must  become  a viable  struc- 
tural material.  The  product  must  be 
so  outstanding  that  designers  will 
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be  forced  to  accept  it.  To  accomplish 
this  goal  he  suggested  the  following 
development  programs,  to  be  carried  out 
jointly  by  producers  and  users:  1)  ex- 
ploit the  production  capacity  for  Be 
powder  by  developing  and  fully  charac- 
terizing optimized  powder  alloys,  and 
2)  stress  the  use  of  Be  for  elevated  tem- 
perature applications  and  for  structural 
applications  requiring  a high  bearing 
strength.  There  were  no  vocal  objections 
or  counter  proposals  to  his  proposals 
from  the  audience. 

By  the  end  of  the  Conference  it 
was  clear  that  despite  the  mood  of  pes- 
simism many  people  stood  ready  to  try 
to  solve  the  puzzle  and  therelsy  make 
Be  a more  successful  and  widely  used 
material.  (I.M.  Bernstein) 


A FATIGUING  EXPERIENCE:  AN  AGARD 
CONFERENCE  OM  rN5T>ECTI0N  Of  AnTClAFT 
CO'MroNENT? 

The  Fall  1977  Meeting  of  the  Struc- 
tures and  Materials  Panel  of  the  NATO 
Advisory  Group  on  Aerospace  Research 
and  Development  (AGARD)  was  held  in  Voss, 
Norway,  and  included  a Specialists  Meet- 
ing on  Nondestructive  Inspection  (NDI) 
Relationships  to  Aircraft  Design  and 
Materials;  the  term  Nondestructive  Eval- 
uation (NDE)  is  also  commonly  used  to  , 
describe  such  activities. 

Voss,  a small  city  of  7,000  popu- 
lation in  southern  Norway,  about  an  hour 
by  train  east  of  Bergen,  proved  to  be 
a comfortable  and  attractive  site  for 
the  meetiing.  Attendees  were  treated 
to  a full  spectrum  of  Norway's  weather, 
from  bright  sunshine  to  snow  squalls. 
There  was  a total  attendance  of  165,  with 
Sweden  and  all  NATO  countries  except 
Iceland  and  Luxembourg  having  sent  rep- 
resentatives; the  dominant  countries  in 
terms  of  number  were,  respectively,  the 
US,  UK,  and  interestingly,  Italy.  Prom- 
inent among  the  participants  were  users 
of  aircraft  and  thus  of  NDE  techniques 
for  aircraft,  such  as  the  commercial 
airlines  (KLM,  SAS,  Sabena,  and  so  on), 
several  of  the  European  military  estab- 
lishments, and  US  Air  Force  and  NASA  rep- 
resentatives. Secondly,  there  were 
groups  of  people  who  are  doing  research 
on  advanced  NDE  techniques.  And  finally, 
there  were  the  manufacturing-inspection 


people  who  played  a central  role  in 
the  extensive  discussions  that  were 
held. 

There  were  three  sections  spread 
over  the  three  days  of  the  Specialists 
Meeting,  entitled  "General"  (techniques, 
needs,  and  status  of  technology),  "Me- 
tallic Materials  and  Structures,"  and 
"Composite  Materials  and  Structures." 

The  sections  included  considerable  wide- 
ranging  discussion,  and  in  many  cases 
the  resulting  interplay  of  viewpoints 
produced  the  most  valuable  insight 
into  both  the  speaker's  topic  and  the 
field  itself. 

The  following  problem  areas  received 
the  most  attention:  1)  The  operator 
problem:  This  is  the  largest  problem 
that  seems  to  exist  in  that  cracks  in 
structures  are  not  being  found.  They 
are  findable;  that  is,  they  are  large 
enough  to  be  detected  by  existing  tech- 
niques, but  they  are  not  actually  being 
found  by  the  procedures  that  are  being 
followed.  Most  people  agreed  that  the 
cause  of  this  is  predominantly  boredom 
and  mental  fatigue.  How  to  motivate 
an  inspector  to  remain  vigilant  even 
though  he  knows  that  in  only  one  of 
perhaps  a thousand  parts  will  there 
be  a detectable  flaw,  is  a problem  with- 
out a ready  solution.  Suggestions 
ranged  from  intensively  trained,  better- 
educated  inspectors  to  more  complete 
reliance  on  automated  NDI  facilities. 

By  and  large  the  UK  favors  the  former 
approach  and  the  US  the  latter.  2) 

New  and  improved  NDE  techniques:  A 
wide  variety  of  new  or  modified  ap- 
proaches were  suggested,  ranging  from 
acoustic  emission,  small-angle  neutron 
scattering,  magnetic  susceptibility, 
x-ray  diffraction,  and  internal  fric- 
tion to  holography.  While  each  of  these 
has  certain  advantages,  the  key  neces- 
sity of  making  all  suitable  for  relia- 
ble field  testing  has  still  not  been 
established.  This  is  especially  true 
of  holographic  techniques,  which  are 
extremely  sensitive  to  vibration,  and 
of  other  techniques  such  as  neutron 
scattering,  because  of  the  associated 
bulky  instrumentation.  One  intriguing 
aspect  of  papers  in  this  area  is  the 
apparent  inverse  relationship  between 
the  complexity  of  the  technique  and 
the  technological  level  of  the  propos- 
ing country.  3)  Improved  communication 
with  the  design  community:  The  designer 
must  understand  the  inspection  needs 
and  design  the  structure  not  only  so 
it  can  be  reasonably  Inspected,  but 
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also  so  that  the  actual  service  prob- 
lems encountered  are  anticipated  by  the 
design.  To  put  it  another  way,  it  is 
common  for  fatigue  cracking  to  be  ex- 
pected in  one  location  but  to  actually 
occur  in  another.  Or,  the  design  could 
be  oriented  toward  a toughness  problem 
and  something  like  a stress-corrosion 
crack  would  actually  occur  in  service. 
This  means  that  the  design  is  seriously 
inadequate,  namely,  that  it  does  not 
address  the  actual  failure  mode  of  the 
structure.  4)  New  problems:  A prime 
concern  was  the  development  of  adequate 
inspection  procedures  for  composite 
structures.  It  seemed  evident  that 
these  materials  are  of  great  interest 
because  they  are  beginning  to  appear 
in  both  commercial  and  military  air- 
craft, yet  many  felt  that  current  tech- 
nology is  really  not  able  to  deal  with 
them  in  the  way  that  one  is  used  to 
dealing  with  metals.  The  adhesive-bond- 
strength  problem  appears  most  critical, 
particularly  the  identification  of  weak 
interfaces  in  these  materials,  for 
which  there  is  no  existing  inspection 
technique.  There  are  procedures  that 
identify  so-called  de-bonds,  that  is, 
areas  where  the  material  is  not  bonded 
together.  But  to  find  weak  bonds  that 
are  nevertheless  in  physical  contact 
seems  to  be  something  for  which  there 
is  presently  no  technique. 

In  addition  to  the  specialist's 
meetings,  a considerable  amount  of  time 
and  effort  was  taken  up  with  such  paral- 
lel activities  as  working  activity  ses- 
sions, subcommittee  meetings,  panel 
business  session,  and  technical  program 
and  editorial  committee  meetings.  In 
general,  these  were  open  only  to  panel 
members  or  by  special  invitation,  but 
those  with  a strong  interest  were  usu- 
ally admitted,  particularly  to  the  work- 
ing activity  sessions. 

These  sessions  are  quite  Important 
because  the  subject  under  study  will 
serve  as  a future  specialist  meeting; 
several  of  these  are  usually  ongoing 
at  the  same  time.  As  an  Illustration, 
one  of  the  working  groups  is  setting 
up  a round-robin  cooperative  testing 
program  on  the  corrosion-fatigue  suscep- 
tibility of  aluminum- alloy  aircraft 
components.  Several  laboratories  in 
a number  of  NATO  countries  will  be  in- 
volved in  order  to  establish  the  relia- 
bility of  the  data,  as  well  as  hopefully 
to  provide  needed  information  to  devel- 
op more  resistant  alloys.  An  important 
goal  is  to  prevent  funding  constraints 


and  other  laboratory  commitments  from 
diluting  the  results  of  the  program. 

A soon-to-be  published  conference 
report  will  discuss  these  various  as- 
pects of  the  meeting  in  more  detail. 
[A.W,  Thompson  (Carnegie-Mellon  Univ. , 
Pittsburgh,  PA.)  and  I.M.  Bernstein] 


MATERIAL  PREPARATION  AT  RSRE — ^TOWARDS 
A MORE  perfect  CRYSTAL 

As  pointed  out  in  the  article 
"Panel  Displays"  Cp.  485  of  this  is- 
sue) , the  Royal  Signals  and  Radar  Es- 
tablishment (RSRE)  at  Malvern,  Worcs., 
UK,  is  a large  electronics  laboratory 
with  a total  staff  exceeding  3000. 
RSRE's  interests  extend  from  research 
through  development.  Its  operation 
is  characterized  by  the  high  level 
of  its  successful  application  and  by 
proven  ability  to  develop  cooperative 
programs  with  industry. 

The  Establishment's  Electronic  Ma- 
terials Division  is  headed  by  Dr.  W. 
Bardsley  who  has  a staff  of  over  30 
covering  a wide  range  of  disciplines: 
chemistry,  physics,  electrical  engi- 
neering, and  theory.  This  group  is 
faced  with  the  problem  common  to  all 
materials  staffs — how  should  the  need 
for  research  and  development  of  new 
materials  and  processes  be  balanced 
against  the  requests  for  service  from 
other  parts  of  its  parent  laboratory? 

At  RSRE  this  is  solved  in  two  ways. 

One  is  by  actively  transferring  new 
technology  to  industry.  For  instance, 
there  is  now  no  longer  any  GaAs  mate- 
rials work  going  on  at  RSRE  even  though 
the  Division  had  been  heavily  involved. 
The  device  and  systems  groups  at  RSRE 
now  turn  to  industry  for  these  mate- 
rials. The  other  approach  to  finding 
a proper  role  for  materials  is  by  con- 
centration of  the  materials  research 
effort  in  areas  in  which  there  is  a 
distinct  applied  need  and  for  which 
the  group  feels  there  are  good  oppor- 
tunities for  advancement.  As  a result, 
there  is  a strong  tradition  of  research 
and  achievement  in  the  materials  field, 
and  also  in  areas  of  strong  practical 
interest. 

As  the  largest  electronics  research 
laboratory  in  the  UK  and  with  its  sup- 
port coming  from  various  arms  of  the 
government,  RSRE  groups  take  seriously 
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a large  responsibility  for  the  develop- 
ment of  both  military  and  commercial 
electronics.  The  role  of  the  Electronic 
Materials  Division  is  to  plan  the  fu- 
ture, conduct  research,  develop  new  ma- 
terials and  techniques,  supervise  re- 
lated research  and  development  con- 
tracts, and  oversee  and  guide  the  rapid 
but  orderly  transition  of  new  technol- 
ogy into  industry.  To  make  such  a broad 
mandate  work — and  this  group  at  RSRE 
seems  to  be  particularly  successful 
at  it — requires  both  a high  degree  of 
talent  and  dedication  to  the  role. 

It  also  requires  that  the  sponsoring 
organization  show  its  confidence  by 
accepting  the  laboratory's  technical 
leadership  and  by  providing  stable  fi- 
nancial support  as  seems  to  be  the  case 
here. 

InP  is  the  material  on  which  the 
greatest  amount  of  attention  is  current- 
ly being  spent  at  RSRE.  With  its  high 
mobility  for  electronic  transport,  it 
would  be  a logical  material  to  follow 
Si  and  GaAs  in  the  push  to  ever  higher 
frequency  in  electronics.  However, 

InP  is  notoriously  difficult  to  prepare. 
Phosphorous  compounds  tend  to  be  poly- 
morphic, they  are  very  reactive,  and 
the  high  vdpor  pressure  of  P requires 
that  crystals  be  grown  at  high  temper- 
atures and  high  pressures  to  achieve 
stoichiometry.  By  use  of  apparatus  that 
will  be  described  later  in  this  report, 
bulk  InP  is  prepared  from  the  melt 
with  a lower  limit  of  lO’’  defects/cm’ 
in  undoped  materials.  Such  materials 
are  useful  for  substrates  for  electron- 
ic devices.  On  these  materials  thin 
layers  of  InP  may  be  deposited  by 
chemical  vapor  deposition.  The  best 
of  the  vapor-deposited  materials  has 
a defect  concentration  of  only  10* ’/cm’ 
and  an  electronic  mobility  of  100,000. 
There  are  difficulties,  however:  mak- 
ing contacts  has  been  a problem;  also, 
the  thickness  of  the  vapor-grown  films 
and  the  impurity  concentrations  are  not 
yet  reproducible  enough  for  high-quality 
device  manufacture. 

Supporting  research  on  Ini’  has  in- 
volved careful  studies  of  the  deposition 
of  the  material  under  high  vacuum  with 
accompanying  analysis  of  the  surface 
chemical  composition  and  structure  in 
the  same  vacuum  using  electron  diffrac- 
tion, Auger,  and  mass  spectroscopy. 

One  of  the  results  of  these  investiga- 
tions has  been  the  discovery  that  there 
is  appreciable  evaporation  of  InP  mole- 
cules from  the  surface  at  temperatures 


as  low  as  325*0.  Since  many  of  the 
normal  device-processing  steps  involve 
heat  treatments  well  above  this  tem- 
perature, changes  in  device  fabrica- 
tion may  be  necessary  for  InP.  Another 
result  of  these  studies  and  of  the 
electron-microscope  work  has  been 
the  discovery  that  at  sufficiently 
high  temperatures  P leaves  the  surface 
and  In  is  left  as  a collection  of  small 
droplets.  They  find  that  putting  Ag 
down  on  such  a surface  produces  single- 
crystal Ag  and  makes  an  extraordinarily 
good  ohmic  contact, 

A long-time  interest  of  RSRE  has 
been  in  infrared  optical  systems. 

In  particular  they  are  looking  to  the 
use  of  the  atmospheric  window  in  the 
8 to  13  micron  range.  A useful  opti- 
cal material  in  this  wavelength  range 
is  Ge  which  can  be  used  in  many  cases 
for  windows  or  simple  lenses.  However, 
for  high-precision  lenses  another  ma- 
terial is  needed  for  use  with  Ge  in 
producing  achromats.  For  this  purpose 
J.A.  Savage  and  his  associates  are 
concentrating  on  Ge-As-Se  optical 
glasses.  They  are  concerned  with  mak- 
ing physical  measurements  on  a wide 
range  of  compositions  so  that  the  com- 
position may  be  optimized.  Also  they 
are  investigating  the  preparation  of 
glasses  by  using  a hydrogen  distilla- 
tion method  as  a way  to  remove  oxygen 
from  glasses  formed  from  relatively 
inexpensive  raw  materials. 

Another  area  of  concern  is  the  de- 
velopment of  solid-state  lasers  that 
emit  in  the  2-um  region  where  the  po- 
tential of  accidental  eye  damage  is 
reduced  from  that  for  lasers  operating 
in  the  visible  or  near  infrared.  Work 
is  currently  underway  on  YLiF*:Er, 

Tm,  Ho,  Although  the  field  use  of 
lasers  would  be  facilitated  by  the 
development  of  a good  2-vim  laser, 
such  a system  would  also  need  a more 
efficient  optical  detector  than  is 
now  available  in  order  to  compete  in 
performance  with  the  YAG:Nd  laser  that 
works  in  the  near  infrared. 

A variety  of  materials  is  being 
studied  for  use  in  surface  acoustic- 
wave  devices.  For  applications  requir- 
ing materials  with  a low  acoustic  ve- 
locity of  about  1000  m/sec,  T1»VS* 
is  being  produced.  In  the  range  around 
3000  m/sec  in  which  quartz  and  lithium- 
niobate  are  frequently  used,  AlPO* 
and  GaPOt  are  being  developed  because 
of  their  high  electromechanical- 
coupling coefficients.  AIN  and  GaN 
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formed  as  epitaxial  films  are  possibil- 
ities for  applications  requiring  higher 
velocities  of  about  6000  tn/sec. 

An  old  problem  in  cathode-ray  tubes 
is  the  relatively  low  efficiency  of 
conversion  of  electronic  energy  into 
luminescent  light.  Over  the  years  a 
great  deal  of  empirical  information  on 
phosphor  systems  has  been  collected, 
but  there  is  little  conclusive  infor- 
mation on  the  energy-loss  mechanisms. 

A rather  fundamental  effort  is  underway 
at  RSRE  to  study  these  problems  in  a 
model  system.  D.  Robertson  is  prepar- 
ing YWOi,:Eu  crystals  as  part  of  such 
a study.  ONRL  Conference  Report  C-4-77 
discusses  the  approach  and  some  prelim- 
inary results  of  the  RSRE  research. 

A materials  project,  only  recently 
inaugurated,  is  to  establish  a facility 
for  growing  4-inch  silicon  crystals 
now  widely  being  used  for  large-scale 
integrated  electronics.  There  is  no 
other  UK  facility  for  growing  crystals 
of  this  size,  and  it  is  the  feeling  at 
RSRE  that  such  technology  should  be 
available.  They  aim  to  develop  the 
skills  for  growing  this  type  crystal 
and  for  preparing  the  blanks  and  then 
to  interest  industry  in  taking  over. 

One  of  the  problems  that  troubles 
s i 1 icon- crystal  production  is  that  of 
striae.  D.T.J.  Hurle  has  been  studying 
the  possiblilty  that  instabilities  in 
the  hydrodynamic  convective  flow  in  the 
molten  liquid  could  be  the  source  of 
the  striae.  Experiments  on  molten  gal- 
lium confirm  the  theory  describing  these 
effects.  It  has  been  found  experiment- 
ally that  the  oscillations  can  be  damped 
out  by  the  application  of  a sufficient- 
ly high  transverse-magnetic  field. 

Central  to  much  of  the  success  of 
the  materials  group  in  preparing  large 
single  crystals  has  been  the  develop- 
ment of  elegant  crystal-growth  equip- 
ment, They  have  now  constructed  a to- 
tal of  16  separate  growth  facilities 
built  around  the  same  general  design. 
This  is  an  enclosed  apparatus,  with 
the  crucible  heated  by  induction,  and 
capable  of  operation  at  temperatures 
up  to  1200*C  and  at  pressures  up  to 
750  Ibs/in*.  A TV  camera  observes  the 
crystal  where  possible,  but  an  automatic 
constant-diameter  control  system  allows 
for  crystal  growth  over  a period  of  a 
week  without  attention  from  the  oper- 
ator. This  extraordinary  control  is 
largely  the  work  of  G.C.  Joyce  who 
developed  the  reliable  and  sophisticated 
electronics  required.  In  this  system, 


the  crystal  is  pulled  from  the  melt 
at  a constant  speed.  The  rate  of 
growth  of  crystal  volume  is  the  time 
derivative  of  the  weight  of  the  crys- 
tal or  of  the  crucible  and  liquid. 

For  a good  cylindrical  crystal  this 
derivative  must  be  kept  constant. 

The  control  system  achieves  this  by 
altering  the  induction-heater  power 
to  maintain  constancy.  However,  ther- 
mal lag  and  several  other  effects  would 
normally  lead  to  an  oscillatory  growth 
pattern  as  the  temperature  alternative- 
ly overruns  and  underruns  the  desired 
value.  The  electronics  are  designed 
to  anticipate  these  phenomena  and  ad- 
just for  them.  There  are  three  sep- 
arate adjustable  feedback  loops.  One 
adjusts  for  lags  in  the  thermal  heat- 
ing of  the  crucible  and  its  liquid 
and  prevents  overshoots  in  the  temper- 
ature of  the  melt.  A second  corrects 
for  the  change  in  the  miniscus  angle 
at  the  crystal-liquid  interface  as 
a function  of  height  of  the  interface 
above  the  liquid.  It  also  corrects 
for  the  difference  in  density  between 
the  liquid  and  solid  that  can  affect 
the  weight  of  the  crucible  as  the 
liquid-crystal  interface  moves.  Fi- 
nally, there  is  a vertical  force  ex- 
erted on  the  crucible  by  the  induction 
heater  if  the  crucible  is  not  exactly 
centered.  This  force  depends  on  the 
induction  power  and  would  appear  as 
a change  in  weight  if  not  corrected 
for. 

It  has  been  found  that  it  takes 
about  six  crystal  growths  of  a new 
material  to  optimize  all  the  adjust- 
ments in  the  electronics.  In  some 
cases  this  can  involve  considerable 
time  and  expense.  To  aid  in  the  learn- 
ing process,  an  electronic  crystal 
simulator  has  been  developed  that  re- 
acts to  the  crystal-growing  controls 
as  would  a real  crystal.  Inputs  to 
this  device  are  the  melting  point, 
thermal  conductivity,  heat  of  fusion, 
and  other  physical  data.  The  simulated 
growth  process  may  be  speeded  up — 
typically  by  a factor  of  ten — so  that 
rough  adjustments  may  be  made  quickly. 
The  final  adjustments  are  then  made 
on  real  crystals.  A commercial  model 
of  the  RSRE  crystal-growth  apparatus 
and  the  associated  electronics  is  be- 
ing marketed  by  Metals  Research  of 
Cambridge  (UK) . 

To  support  its  activities  the  Ma- 
terials Division  at  RSRE  has  a well- 
equipped  analysis  section  with  x-ray 
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equipment  and  2 scanning  electron  micro- 
scopes. A new  microscope  operating  at 
120  kV  has  a resolution  in  transmission 
of  4 A and  IS  A when  used  in  a scanning 
mode.  This  apparatus  was  particularly 
useful  in  studying  the  contacts  of  Ag 
on  InP  described  earlier. 

The  RSRE's  Materials  Division  is 
a large,  self-sufficient,  and  resource- 
ful group  that  have  long  been  among  the 
leaders  in  the  field  of  crystal-growth 
research.  At  the  same  time  they  pay 
attention  to  their  responsibilities 
as  a service  organization  in  support 
of  the  rest  of  the  laboratory  and  ef- 
fectively integrate  their  efforts  into 
the  broader  RSRE  program.  That  seems 
to  be  a narrow  path  to  tread;  but  the 
RSRE  materials  team  walks  it  very  well. 
(Clifford  C.  Klick) 


9TH  ANNUAL  BRITISH  MASS  SPECTROMETRY 


The  9th  meeting  of  the  British  Mass 
Spectrometry  Group  during  the  last 
twelve  years  was  held  26-29  September 
at  the  University  College  of  Swansea. 

It  was  attended  by  more  than  2S0  scien- 
tists from  throughout  Europe  and  the 
United  States.  This  was  by  far  the 
largest  attendance  in  the  history  of 
the  Group.  The  reason  for  nine  meet- 
ings in  twelve  years  is  that  the  Group 
does  not  meet  every  third  year  when  the 
International  Triennial  Meeting  takes 
place  at  somt-  European  site.  The  Pres- 
ident of  the  British  Mass  Spectrometry 
Group  is  Dr.  Alan  Garrick  of  Kratos 
AEI  who  is  to  be  complimented  for  or- 
ganizing an  outstanding  program. 

Among  the  highlights  of  the  meeting 
were  the  papers  presented  by  Prof. 

Donald  Hunt  (Univ.  of  VA)  who  described 
his  very  exciting  work  in  negative-ion, 
high-pressure  mass  spectrometry.  Hunt 
has  been  able  to  modify  a chemical- 
ionization,  quadrupole  mass  spectrom- 
eter to  detect  and  record  positive-  and 
negative-ion  spectra  simultaneously. 

The  chemical  ionization  produces  posi- 
tive ions  and  thermal  electrons.  Hunt's 
technique  uses  these  thermal  electrons 
to  produce  negative  ions.  By  a very 
ingeneous  pulsing  technique  and  using 
two  electron  multipliers,  he  has  been 
able  to  detect  and  record  both  ion 


spectra.  With  this  technique  he  has 
characterized  femtograms  of  organic 
molecules  such  as  kepone,  TNT,  etc. 

The  great  sensitivity  obtained  is  due 
to  the  fact  that  thermal  electrons 
are  not  diffusion  limited.  Therefore, 
they  collide  with  a much  greater  num- 
ber of  molecules,  producing  more  neg- 
ative ions. 

Several  of  Professor  John  Beynon's 
students  from  the  University  of  Swansea 
presented  papers  which  describe  the 
use  of  the  mass-analyzed  ion-kinetic- 
energy  spectrometry  (MIKES)  technique 
that  they  have  developed.  The  tech- 
nique is  used  to  measure  the  kinetic- 
energy  release  accompanying  mass 
spectrometric- induced  fragmentation 
processes  in  organic  molecules,  as 
well  as  the  kinetic-energy  loss  or 
gain  upon  collision  with  a second  body. 
It  has  been  applied  to  the  study  of 
energy  partitioning,  the  determination 
of  reaction  mechanisms,  the  correction 
of  ion  enthalpies,  and  ion-structure 
determination.  Dr.  John  Chapman 
(Kratos  AEI,  Manchester,  UK)  described 
the  modifications  of  a Kratos  AEI  MS-30 
mass  spectrometer  for  chemical  ioniza- 
tion and  pressure-enhanced  spectra. 

His  paper  illustrated  the  use  of  per- 
fluorokerosene  for  chemical  mass  mark- 
ing in  the  pressure-enhanced  mode 
of  the  MS-30,  Professor  Keith  Jennings 
(Warwick  Univ.,  UK)  described  negative- 
ion  reactions  using  0"  and  OH". 

Jennings  pointed  out  that  frequently 
the  M-1  ion  in  many  ion-molecule  spec- 
tra is  not  due  only  to  the  reaction 
of  0",  but  is  also  produced  by  a re- 
action of  OH*.  OH*  is  produced  in 
an  earlier  step  in  the  reaction  between 
0"  and  the  hydrocarbon,  Jennings' 
technique  was  able  to  resolve  these 
hydrogen-transfer  fragmentation  mecha- 
nisms. In  a series  of  papers.  Profes- 
sor John  Todd  and  his  students  (Univ. 
of  Canterbury,  UK)  described  several 
techniques  that  used  the  Quistor  ion 
source.  The  Quistor  is  a quadrupole 
ion-storage  trap.  In  conventional 
chemical-ionization  studies,  the  ion- 
source  pressure  is  raised  to  produce 
ion-molecule  collisions  and  reactions. 
This  elevated  ion-source  pressure  re- 
quires that  extensive  additional  equip- 
ment be  added  to  the  mass  spectrome- 
ter. In  the  Quistor,  however,  reac- 
tions are  effected  by  increasing  the 
residence  time  of  the  reacting  species 
in  the  ion  source,  thus  eliminating 
the  auxiliary  equipment  needed  for 
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high-pressure  mass  spectrometry.  There- 
fore, with  this  device  ion-molecule 
reactions  may  be  studied  at  low  pres- 
sures. The  advantage  is  that  a Quistor 
can  be  used  to  make  a very  small,  low- 
cost,  portable  mass  spectrometer  for 
the  study  of  high-pressure  reactions. 
However,  from  the  information  presented 
in  these  papers,  there  is  a great  deal 
of  work  remaining  before  the  Quistor 
is  ready  for  such  an  application. 

Prof.  H.  Leibl  (Max-Planck  Insti- 
tute, Garching,  FRG)  reviewed  the  use 
of  Secondary  Ion  Mass  Spectrometry 
(SIMS)  to  characterize  various  surfaces. 
SIMS  has  been  used  to  profile  surfaces 
chemically  to  a depth  of  100  A.  He  ex- 
plained both  the  static  and  dynamic 
versions  of  SIMS  that  were  used  to  ob- 
tain a very  complete  and  detailed  anal- 
ysis for  a number  of  surfaces.  Prof. 
Brian  Millard  (National  Hospital, 

London,  UK)  dealt  with  single-ion  moni- 
toring and  analytical  techniques  for 
the  detection  and  characterization  of 
molecules  of  biological  and  drug  inter- 
ests. By  using  these  techniques,  fem- 
togram  analysis  was  carried  out.  The 
reasons  for  loss  in  sensitivity  in  most 
gas  chromatograph-mass  spectrometer  sys- 
tems were  very  carefully  delineated. 

The  loss  of  sensitivity  is  generally 
due  to  poor  gas  chromatographic  tech- 
niques and  an  incorrect  choice  of  ions 
for  monitoring.  Dr.  J.  Caldwell  (St. 
Mary's  Hospital,  London)  spoke  of  the 
mass-spectral  analysis  of  a variety 
of  compounds  that  are  used  in  the  de- 
livery rooms  of  hospitals  and  discussed 
a large  program  being  carried  out  to 
determine  the  manner  and  magnitude  of 
drug  transfer  between  mother  and  child. 
The  metabolic  breakdown  of  most  drugs 
appears  to  be  far  slower  in  babies  than 
in  their  mothers. 

The  9th  meeting  of  the  British  Mass 
Spectrometry  Group  was  an  outstanding 
conference,  and  the  Group's  officers 
are  to  be  congratulated.  The  large  at- 
tendance underscored  that  the  use  of 
mass  spectrometry  in  the  basic  sciences, 
as  well  as  its  application  especially 
in  the  biochemical  area,  is  growing. 

This  growth  primarily  is  due  to  the  ana- 
lytical power  of  the  gas  chromatograph- 
mass  spectrometer  computer  system  and 
the  extensive  data  bank  of  mass  spec- 
tra. The  system  has  made  it  possible 
for  scientists  who  are  not  trained  in 
mass  spectrometry  to  obtain  and  inter- 
pret mass-spectral  data  on  complex  or- 
ganic mixtures  readily.  Having 


organized  many  conferences  in  the  US, 
we  know  the  considerable  amount  of 
work  that  is  involved.  We  wish  the 
British  Group  every  success  and  hope 
that  their  future  programs  retain  the 
high  quality  of  the  Swansea  meeting. 
(F.E.  Saalfeld  and  J.J.  DeCorpo,  Chem- 
istry Division,  Naval  Research  Labora- 
tory, Washington,  DC) 


MECHANICS 


AERONAUTICS  AT  THE  POLYTECHNICUM  OF 
TORINO 

It  was  with  keen  anticipation  that 
I visited  the  Polytechnicum  of  Torino, 
one  of  the  foremost  institutes  of  tech- 
nology in  Italy,  in  order  not  only 
to  become  acquainted  with  the  research 
activities  in  Aeronautics  but  to  learn 
more  about  the  style  of  Engineering 
Education  in  Italy  as  well  (see  also 
Barcilon,  "Research  Climate  in  Italy," 
ESN  31-6:239  and  Blachman,  "Informa- 
tion Theory  in  Trieste,"  ESN  31-6:229). 
The  tradition  of  technology  in  Italy 
reaches  back  into  Roman  times  when 
the  Coliseum  in  Rome  and  the  Arena 
in  Verona  (circa  100  BC)  along  with 
the  many  aqueducts,  roads,  bridges, 
and  other  structures  were  built. 

Italy's  contributions  to  aeronautics 
are  manifold  and  imaginative  and  in- 
clude, for  example,  the  pre-WWII  speedt 
record-holding  Macchi-Castoldi  seaplane 
powered  by  tandem  FIAT  engines  driving 
coaxial  counter-rotating  propellers 
and  the  ducted  propeller-with- 
afterburner  Caproni-Campini  jet  air- 
craft which  also  flew  before  WWII. 

After  WWII,  the  noted  fluid  dynamicists, 
Luigi  Crocco  and  Antonio  Ferri,  among 
others,  emigrated  to  the  United  States 
to  assume  professorships  in  our 
universities. 

Engineering  students  in  Italy  en- 
roll in  a five-year  curriculum  leading 
to  a Dr.  Eng.  degree  which  is  a "pro- 
fessional" doctorate  that  does  not 
entail  original  research.  The  degree 
is  roughly  at  the  level  of  the  American 
Master's  degree.  The  Aeronautics  pro- 
gram in  the  Polytechnicum  is  contained 
in  the  Institute  of  Applied  Mechanics, 
Aerodynamics,  and  Gasdynamics  (lAM) 
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and  the  Institute  for  Aircraft  Propul- 
sion (lAP).  Some  100  students  are  en- 
rolled for  the  Dr.  Aero.  Eng.  degree 
although  the  lAP  and  the  1AM  also  in- 
struct an  additional  600  mechanical  en- 
gineering students  in  service  courses. 
Graduates  of  the  five-year  curriculum 
may  continue  postgraduate  studies  lead- 
ing to  the  Dr.  Aerospace  Engr.  degree 
only  at  Torino  or  the  University  of 
Rome. 

The  director  of  the  lAM  is  Prof. 

G.  Jarre,  and  the  faculty  of  the  Insti- 
tute consists  of  10  professors  in  vari- 
ous fields  such  as  aerodynamics,  gas 
dynamics,  aeronautical  dynamics,  sys- 
tems, applied  mechanics,  and  solid  me- 
chanics. My  visit  was  coordinated 
through  Prof.  C.  Ferrari,  the  senior 
professor  of  the  Institute  and  a former 
director,  who  explained  the  organization 
and  arranged  for  me  to  meet  with  some 
of  his  colleagues  at  the  lAM  and  the 
lAP. 

Prof.  M.  Onorato,  who  worked  post- 
doctorally  at  Brown  University  with 
Prof.  J.H.  Clarke  in  radiative  gas  dy- 
namics, is  currently  involved  in  re- 
search on  gasdynamic  lasers.  The  prin- 
ciple is  to  pump  energy  into  a non- 
equilibrium  vibrational  mode  of  the  gas 
molecule  which  then  dumps  its  energy 
in  the  form  of  coherent  radiation. 
Accordingly,  a mixture  of  COi,  N2,  and 
HaO  is  heated  to  an  equilibrium  temper- 
ature of  1800  K and  then  expanded  rap- 
idly through  a short  (plug)  nozzle  with 
an  expansion-area  ratio  (throat  to  exit) 
of  1:50,  The  translational  tempera- 
tures of  the  gases  adjust  rapidly  to 
the  change  and  are  therefore  in  equilib- 
rium, but  the  vibrational  temperatures 
do  not  and  therefore  are  in  a suitable 
state  to  lase.  The  actual  nozzle  con- 
sists of  an  array  of  two-dimensional 
minimal  length  nozzles  which  are  5 cm 
long  and  have  throats  1 mm  wide.  The 
lasing  chamber  is  formed  by  the  nozzle 
exits,  and  the  direction  of  radiation 
is  perpendicular  to  the  flow  direction. 
Onorato  has  performed  theoretical  cal- 
culations of  the  flow  fields  including 
nonequilibrium  effects  and  conducted 
concurrent  experimental  tests.  He  is 
presently  extending  the  theory  to  ac- 
count for  viscous  effects  at  the  bound- 
aries. Onorato  has  also  worked  in 
strong  shock-wave  structure  as  influ- 
enced by  energy  loss  through  bremsstrah- 
lung  radiation  (electromagnetic  radia- 
tion caused  by  ionized-particle 
interactions) . 


Other  research  activities  of  the 
lAM  have  been  in  such  diverse  areas 
as  freeze-desalinization  of  water, 
locomotion  of  aquatic  animals,  drag 
reduction  through  polymer  additives, 
boundary  layers,  and  generalized  radi- 
ative gasdynamics.  The  laboratory 
of  the  lAM  contains  a low-turbulence 
wind  tunnel  for  boundary-layer  research, 
a pressurized  (3-atm)  subsonic  wind 
tunnel  with  a 3-m-diam.  test  section 
for  velocities  up  to  100  m/sec,  a wa- 
ter tunnel,  a shock  tube,  and  a flow 
test  facility  for  evaluating  the  drag- 
reducing  effects  of  polymer  additives 
in  water. 

The  lAP  with  five  Professors  is  di- 
rected by  Prof,  M.  Andriano.  The  ac- 
tivities of  the  Institute  lie  in  the 
areas  of  experimental  work  on  internal- 
combustion  engines,  numerical  compres- 
sible fluid  mechanics  of  turbomachin- 
ery, and  nonlinear  programming  and 
optimization.  The  people  active  in 
these  fields  were  introduced  to  me 
by  Prof.  M,  Pandolfi  who  works  in  nu- 
merical fluid  mechanics  and  was  a stu- 
dent of  Prof,  G.  Moretti  of  the  Poly- 
technic Institute  of  New  York  (former- 
ly Brooklyn  Polytech.).  Pandolfi  has 
also  cooperated  with  Onorato  in  a nu- 
merical investigation  of  radiating 
blast  waves  and  is  presently  active 
in  numerically  modeling  free-surface 
flows. 

An  interesting  experimental  inves- 
tigation of  the  flow  field  in  a small 
diesel-engine  combustion  chamber  is 
being  conducted  by  Dr.  A.  Catania 
under  Andriano's  direction.  Catania 
is  using  hot-wire  probes  to  measure 
the  velocity  and  temperature  distri- 
bution of  the  flow  field  in  the  com- 
bustion chamber  of  a test  engine  be- 
fore combustion.  The  object  of  the 
exercise  is  to  evaluate  the  effective- 
ness of  various  combustion-chamber 
designs  for  an  automotive  manufacturer. 
In  a good  design,  air  enters  the  cyl- 
inder through  the  inlet  valves  in  such 
a way  that  it  swirls  inside  the  com- 
bustion space.  It  is  important  that 
the  air  continues  to  swirl  so  that 
the  temperature  and  composition  of 
the  combustion  products  are  brought 
as  close  to  homogeneous  as  possible 
by  the  swirl-induced  mixing.  To  re- 
duce viscous  and  thermal  conductivity 
losses,  the  surface-to-volume  ratio 
of  the  combustion  chamber  must  be  as 
small  as  possible.  Also,  the  fuel 
injection  spray  must  be  so  located 
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as  not  to  reach  the  surface  of  the  com- 
bustion chamber;  the  fuel  which  would 
wet  the  surface  would  combust  poorly 
and  lead  to  engine  inefficiency. 

Catania  has  used  hot-wire  probes  suc- 
cessfully to  measure  precombustion  tem- 
peratures up  to  850°C;  the  probe  mate- 
rial was  an  alloy  of  platinum  and 
rhodium. 

In  the  area  of  optimization,  Dr. 

N.  Nervegna  has  studied  such  problems 
as  a diesel  engine- torque  converter-gear 
box  system,  a space  radiator  of  minimal 
weight,  and  a thermodynamic  cycle  for 
a high- temperature , helium-cooled,  nu- 
clear reactor.  Nervegna's  approach  is 
to  select  an  objective  function  to  be 
optimized  in  terms  of  the  n parameters 
involved.  The  usual  procedure  for  this 
is  to  evaluate  the  objective  function 
at  the  vertices  of  a minimal,  general- 
ized polyhedral  element  in  the 
n-dimensional  parameter  space  (line  seg- 
ment for  one  dimension,  triangle  for 
two  dimensions,  tetrahedron  for  three 
dimensions,  etc.)  and  to  reflect  the 
vertex  having  the  highest  value  through 
the  centroid  of  all  n vertices  to  obtain 
a new  vertex  at  which  the  objective 
function  is  evaluated.  The  remaining 
(n-1)  vertices  of  the  old  polyhedron 
and  the  new  vertex  form  a new  polyhedron 
upon  which  the  procedure  is  repeated, 
etc.  Nervegna's  improvement  for  faster 
convergence  consists  in  reflecting 
through  the  centroid  of  the  remaining 
(n-1)  vertices  instead  of  all  n verti- 
ces. Another  modification  is  to  combine 
this  search  procedure  with  evaluations 
of  the  gradient  of  the  objective  func- 
tion to  obtain  the  zeros  in  gradient. 

I was  impressed  with  the  program 
at  the  Polytechnicum  of  Torino,  particu 
larly  in  view  of  the  fact  that  there 
are  very  few  postgraduate  students  and 
that  very  low  faculty  salaries  necessi- 
tate moonlighting  by  most  of  the  Facul- 
ty to  keep  body  and  soul  together. 
(Martin  Lessen) 
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See  the  back  of  this  issue 
for  the  abstracts  of  current 
reports . 


THE  INSTITUTE  OF  AERODYNAMICS  AT  THE 
DNTV'ER'g'm  OF  N'A'PL'E? 

Though  it  is  located  in  the  beauti- 
ful and  relaxed  south  of  Italy,  the 
Institute  of  Aerodynamics  (lA)  of  the 
Faculty  of  Engineering  at  the  Univer- 
sity of  Naples  is  a beehive  of  activ- 
ity. The  Institute's  faculty  includes 
the  Director  (Prof.  Luigi  Napolitano), 
two  additional  chairholders  (Profs. 
Rodolfo  Monti  and  Giovanni  D'Elia), 
besides  eleven  other  professors,  and 
it  graduates  some  fifty  students  per 
year  with  the  degree  of  Laurea  (Profes- 
sional Doctorate) . Though  there  are 
no  graduate  students  at  the  lA,  there 
is  a considerable  amount  of  research 
activity  taking  place  over  a range  of 
topics  that  are  usually  considered  out- 
side the  purview  of  Aerodynamics  per  ae. 

In  the  area  of  Bioengineering, 

Monti  described  work  in  progress  in 
Thermography  and  Fluid  Mechanical  As- 
pects of  Oxygenators;  both  projects 
are  sponsored  by  the  Consiglio  Nazio- 
nale  delle  Ricerche  (CNR),  the  Italian 
equivalent  of  our  NSF. 

Thermography  is  a noninvasive  method 
of  tumor  detection  (used  most  frequent- 
ly in  breast -cancer  diagnosis)  which 
depends  on  the  higher  metabolic  produc- 
tion of  heat  at  a tumor  site  causing 
a higher  skin  temperature;  this  in- 
creased skin  temperature  is  then  de- 
tected by  an  infrared  radiometer  that 
prepares  a thermal  mapping  of  the  re- 
gion being  examined.  A difficulty 
in  applying  the  method  arises  in  achiev- 
ing a reliable  equilibrium  skin- 
temperature  distribution  after  the  pa- 
tient disrobes  for  the  thermography 
because  the  thermal  diffusion  times 
from  the  tumor  to  the  skin  are  gener- 
ally longer  than  the  few  minutes  usu- 
ally allotted  for  equilibration;  the 
actual  thermal  equilibration  time  af- 
ter disrobing  may  be  of  the  order  of 
three  hours.  Monti  and  his  co-workers 
have  made  analytical  and  numerical 
studies  of  transient  and  steady  heat 
transfer  in  the  human  body  in  the  pres- 
ence of  tumors.  They  have  correlated 
the  calculated  location  of  the  expected 
lesion  with  the  actual  lesion  at  time 
of  surgery.  In  addition,  they  have 
studied  the  influence  of  ambient  tem- 
perature and  skin  cooling  on  the  reli- 
ability of  the  diagnosis  and  have 
explored  an  alternative  technique  of 
chilling  the  skin  and  then  observing 
the  transient  temperature  and  its  time- 
wise  derivative.  This  latter  method 
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has  shown  greater  predictive  accuracy 
than  the  "equilibrium"  method  when 
checked  by  clinical  experiments  in  the 
presence  of  known  tumors. 

* There  are  some  severe  fluid  mechan- 

I ical  problems  in  connection  with  mem- 

brane oxygenators.  The  diffusion  of 
oxygen  across  a membrane  is  governed 
by  the  diffusivity  of  the  membrane  and 
the  difference  in  partial  pressure  of 
oxygen  on  both  sides  of  the  membrane. 

If  oxygen  is  not  transported  away  rap- 
idly enough  on  the  blood  side  of  the 
membrane,  the  diffusion  across  the  mem- 
brane will  slow  down.  Two  methods  have 
been  suggested  to  promote  the  diffusion 
process;  to  generate  turbulence  in  the 
blood  or  to  section  the  membrane  so  that 
it  presents  multiple  leading  edges. 
Turbulence  will  transport  the  oxygen 
away  from  the  blood-membrane  interface 
while  the  leading  edge  flow  about  the 
membrane  causes  a thin  boundary  layer 
and  enhanced  diffusion.  Unfortunately, 
both  turbulence  and  leading-edge  bound- 
ary layers  are  associated  with  high  lo- 
cal shearing  rates  of  the  blood  and  so 
cause  excessive  hemolysis  or  destruction 
of  red  blood  cells. 

The  problem  of  hemolysis  can  be 
dealt  with  by  using  a hydrophilic  (wet- 
table)  membrane  which  causes  a layer 
of  fluid  to  be  interposed  between  the 
blood  and  the  membrane;  in  addition, 
the  oxygen  is  provided  by  an  oxygen- 
saturated  saline  solution  on  the  other 
side  of  the  membrane.  With  this  type 
of  oxygenation,  nutrients  can  be  added 
to  the  oxygenated  saline  solution  and 
' waste  products  removed.  However,  oxygen 

^ diffusion  rates  are  much  lower  in  this 

device  than  those  of  nonwettable  mem- 
I branes,  hence  the  necessary  apparatus 

is  much  more  cumbersome. 

An  attractive  possible  solution  be- 
ing studied  at  the  lA  consists  of  adding 
I oxygen  and  possibly  nutrient-enriched 

« plasma  to  the  blood  at  one  point  and 

filtering  the  plasma  out  of  the  blood 
at  another  point  to  maintain  a normal 
hematocrit  (red  cell  count).  One-  and 
two-dimensional  analyses  of  this  process 

_ I ■■  are  in  progress . 

»(  In  the  more  classical  area  of  astro- 

1 nautics,  Monti  is  engaged  in  studying 

;;  hybrid  gas  generators  consisting  of 

M liquid  oxygen-solid  fuel,  and  ram-rocket 

l!  systems  for  propulsion.  The  ram-rocket 

] consists  of  a hybrid  gas  generator  to 

■ 1 which  ram  air  can  be  added  upstream  of 

the  solid  fuel  during  operation  in  the 
atmosphere.  Calculations  show  that  such 
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a ram-rocket  system  is  attractive 
for  a variety  of  missions. 

Napolitano,  the  Director  of  the  lA, 
is  engaged  in  a number  of  theoretical 
investigations  including  application 
of  splines,  applied  functional  analy- 
sis, and  free  convective  flows. 

Splines,  invented  approximately  thirty 
years  ago  by  Prof.  I.  Schoenberg  (most 
recently  Univ.  of  Wisconsin),  is  a 
method  of  optimal  curve  fitting  through 
specified  points  using  piecewise  con- 
tinuous polynomial  curves;  the  fit 
is  optimized  by  minimizing  the  inte- 
gral along  the  curve  of  the  qth  deriv- 
ative squared  of  the  curve.  If  the 
total  number  of  points  is  n,  q must 
be  less  than  «.  For  a Hermite,  closed 
spline,  not  only  are  the  coordinates 
of  the  points  specified  but  also  the 
derivative  of  the  curve  at  the  points. 

The  work  on  curves  is  being  extended 
and  applied  to  surfaces  and 
hypersurfaces. 

In  the  area  of  applied  functional 
analysis,  nonlinear  elliptic  boundary- 
value  problems  are  being  studied.  Hy- 
brid functionals  and  new  functionals 
for  variational  methods  are  being 
constructed  and  applied  to  finite  ele- 
ment methods  of  solution. 

Napolitano's  study  of  free  convec- 
tive flows  is  concerned  with  the  role 
of  gravity  terms  that  are  usually  in- 
cluded in  the  momentum  equations  but 
neglected  in  the  energy  equation.  He 
is  ordering  these  terms  to  see  which 
are  of  importance.  In  the  area  of 
low-gravity,  free-convection  flow  he 
is  studying  surface  driven  flow  caused 
by  an  inhomogeneous  temperature  dis- 
tribution. Since  surface  tension  is 
a function  of  temperature,  it  is  clear 
that  an  inhomogeneous  surface-  - 

temperature  distribution  will  induce 
a flow. 

Napolitano's  program  for  the  study 
of  free  convective  flows  therefore 
includes  the  mathematical  modeling 
of  the  flows,  the  solution  for  the 
equil ibr ium- f low  configurations  includ- 
ing the  free  surfaces,  the  study  of 
the  stability  of  the  equilibrium  con- 
figurations, the  design  of  experiments  . 
to  simulate  low  gravity  using  immiscible 
liquids  of  almost  the  same  density, 
and  finally  rocket  and  s|)acelab 
experiments . 

The  programs  that  I saw  at  the  lA 
are  ambitious  and  if  successful,  * * 

meaningful.  (Martin  Lessen) 
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APPLICATION  OF  REMOTE  SENSING  TO  OCEAN 


The  NATO  Advisory  Group  for  Aero- 
space Research  and  Development  (AGARD) 
sponsored  a lecture  series  during  the 
period  of  3-11  October  on  the  utiliza- 
tion of  remote  sensing  for  ocean  sur- 
veillance. This  series  treated  eight 
subjects  over  a two-day  period,  and  was 
delivered  in  each  of  the  following 
cities;  Oslo,  Norway;  Den  Helder,  the 
Netherlands;  and  Rome,  Italy,  thus 
underscoring  the  importance  of  giving 
this  subject  the  widest  dissemination 
among  the  NATO  community.  The  signifi- 
cance of  the  topic  was  further  under- 
scored through  the  presentation  of  the 
keynote  address  at  all  three  locations 
by  the  Chief  of  Naval  Research,  Rear 
Adm.  R.K.  Geiger,  USN,  and  the  modera- 
tion of  the  series  by  the  Director  of 
Navy  Technology,  Dr.  R.N.  Keeler.  The 
technical  papers  were  of  high  quality, 
rather  detailed,  and  tutorial  in  nature, 
although  the  application  theme  of  the 
various  sensing  techniques  was  high- 
lighted in  all  cases.  Specific  topics 
treated  included  microwave  radiometry, 
infrared  radiometry,  visible  spectrom- 
etry, side-looking  radar,  and  ELF  com- 
munication and  detection.  Speakers  in- 
cluded scientists  from  the  US,  Germany, 
Italy,  the  UK,  and  France. 

In  his  keynote  address.  Admiral 
Geiger  pointed  out  that  remote  sensing 
is  a technological  and  scientific  field 
that  has  undergone  major  advances  in 
the  last  three  decades  owing  to  the 
growth  of  aerospace  technology  in  both 
the  defense  and  civil  sectors,  the  con- 
current rapid  advancement  of  data- 
processing  capability  and  communications 
technology,  and  the  requirements  of  the 
military  departments  for  early-warning 
reconnaissance  and  surveillance  and 
those  of  the  civilian  agencies  for 
accurate  weather  forecasting.  He 
pointed  out  that  two  aspects  of  ocean 
surveillance  that  are  of  vital  interest 
to  the  Navy  are  (1)  the  detection,  loca- 
tion, and  classification  of  targets, 
and  (2)  the  ability  to  measure  and  pre- 
dict the  environmental  parameters  to 
support  command  decisions  for  improved 
mission  effectiveness.  These  aspects 
when  applied  to  remote  sensing  in 


general  are,  of  course,  vital  to  the 
Army  and  Air  Force  as  well.  The  infor- 
mation must  be  timely  and  accurate, 
particularly  in  the  case  of  the  highly 
dynamic  environment  in  which  the  Navy 
must  operate.  Recent  basic  research 
has  revealed  that  the  ocean's  struc- 
ture is  of  a much  greater  complexity 
than  previously  believed  and  is  anal- 
ogous in  many  ways  to  the  atmosphere. 
One  important  analogy  is  the  "oceanic 
weather."  It  is  with  the  intent  of 
being  able  to  predict  oceanic  weather 
accurately  in  real  time  that  the  Navy 
is  sponsoring  and  monitoring  the  vari- 
ous research  and  technological  devel- 
opments described  in  this  AGARD  lecture 
series . 

In  the  opening  technical  paper, 

E.  Raschke  (Univ.  of  Cologne,  FRG) 
briefly  outlined  the  basic  fundamentals 
of  the  atmosphere  and  the  oceans,  em- 
phasizing the  radiative  transfer  as- 
pects, the  nature  of  the  interaction 
of  electromagnetic  radiation  with  the 
atmosphere  and  oceans,  and  the  param- 
eters of  interest  at  the  atmosphere/ 
ocean  interface.  He  pointed  out  that 
the  electromagnetic  spectrum  of  partic- 
ular interest  in  remote  sensing  ranged 
from  the  ultraviolet  (0.2  pm)  to  the 
microwave  (10  pm).  Subsequent  papers 
treated  various  devices  and  techniques 
currently  being  utilized  and  developed 
to  exploit  remote  sensing. 

Papers  by  J.  Hollinger,  (Naval  Re- 
search Laboratory,  Washington,  DC) 
and  E.  Windsor  and  H.  Mooney  (British 
Aircraft  Corporation,  Space  Systems 
Group,  Bristol)  addressed  remote  sens- 
ing by  means  of  microwave  scanning 
radiometry,  a technique  for  passively 
sensing  the  microwave  radiation  from 
various  objects  and  earth  formations. 
Its  advantages  over  active  microwave 
sensing  devices  (radars)  are  that  it 
uses  very  little  power  and  is  covert 
and  difficult  to  jam.  It  offers  sev- 
eral potential  advantages  over  passive 
sensors  operating  at  the  infrared, 
optical,  and  ultraviolet  wavelengths — 
specifically  all-weather  day  and  night 
operation.  Further,  it  is  capable 
of  detecting  metal  objects  (targets 
for  example)  that  appear  cold,  as  they 
emit  negligible  microwave  radiation 
and  reflect  principally  the  low- 
temperature  radiation  from  space  and 
the  atmosphere,  against  the  relatively 
hot-earth  background.  This  permits 
the  detection  and  tracking  of  missiles 
even  after  burnout,  resulting  in  more 


502 


ESN  31-12 


t 


I 

1 

i 

I 

i 


accurate  and  current  trajectory  deter- 
mination. A microwave  imager,  however, 
needs  to  use  large  aperture  high-gain 
antennas  with  narrow  beams  in  order  to 
obtain  the  high  resolution  and  signal- 
to-noise  ratios  required  for  detection 
and  tracking.  With  current  technology, 
passive  microwave  sensors  capable  of 
detecting  targets  the  size  of  aircraft 
or  ships  would  require  prohibitively 
large  antenna  structures  for  satellite 
installation,  but  would  be  feasible 
on  aircraft  due  to  the  lower  altitude. 
The  use  of  passive  microwave  sensors 
on  satellites  has  been  investigated  for 
measurements  of  the  ocean's  character- 
istics and  for  observation  of  the  polar 
ice  caps  and  of  the  atmosphere's  mete- 
orological and  climatological  condi- 
tions. The  resolutions  available  for 
these  remote  sensing  applications  have 
been  shown  to  be  feasible,  and  hardware 
is  currently  being  developed  for  space 
tests.  The  authors,  after  detailing 
the  physics  of  passive  microwave  sens- 
ing, concluded  by  outlining  the  results 
of  system  studies  for  both  airborne 
and  space-borne  systems. 

Papers  by  H.  Hodara  and  W.  Wells 
(Tetra  Tech,  Inc.,  Pasadena,  CA)  and 
W.  Barnes  (NASA,  Goddard  Spaceflight 
Center,  MD)  treated  the  physics  and 
state-of-the-art  applications  of  infra- 
red and  visible  spectrometry  with  re- 
spect to  remote  sensing  of  the  oceans. 
Hodara  and  Wells  derived  an  equation 
that  describes  radiometric  temperature 
fluctuations  in  the  top  millimeter  of 
the  sea  surface  and  identified  sources 
of  errors  masking  the  true  sea  tempera- 
ture changes,  such  as  humidity  fluctu- 
ations in  the  air  column  between  the 
sea  surface  and  the  radiometer,  and  re- 
flected sky  radiance  from  the  rough  sea 
surface.  They  pointed  out  that  these 
masking  effects  could  be  minimized  by 
proper  design  of  the  radiometer.  Sim- 
ilar derivations  were  made  for  the 
visible.  A good  deal  of  discussion 
was  stimulated  as  to  the  validity  of 
several  of  the  assumptions  used.  The 
Barnes  paper  discussed  the  current  sta- 
tus of  visible  and  Infrared  sensors  de- 
signed for  remote  sensing  of  the  oceans. 
Emphasis  was  placed  on  multichannel 
scanning  radiometers  that  are  either 
operational  or  under  development. 

J.  Genulst  (Thomson-CSF , France) 
presented  a summary  on  the  use  of  side- 
looking radar  (SLR)  to  obtain  very  high- 
resolution  Images  of  the  terrain  over- 
flown by  an  aircraft.  Two  data- 


processing  methods  were  described  and 
different  experimental  results  were 
presented  for  each  process:  low  pass 
filtering  and  optical  correlation. 

The  conclusion  reached  was  that  vari- 
ous trials  that  have  been  made  to 
improve  both  techniques  have  enabled 
the  theoretical  limits  of  resolution 
to  be  approached. 

G.  Tacconi  (Univ.  of  Genoa,  Italy) 
presented  some  of  the  fundamentals  of 
ELF  (electromagnetic  radiation  in  the 
1.0-  to  10-Hz  range)  propagation,  and 
discussed  the  use  of  such  radiation 
for  communications,  detection,  and 
evaluation  of  geophysical  structure 
of  the  propagating  medium.  ELF  waves 
suggest  applications  for  communica- 
tions through  dissipative  media  such 
as  sea  water  because  of  their  long 
wavelengths  and  the  relative  skin  depth 
of  the  sea  water.  Underwater  as  well 
as  satellite-to-submarine  links  were 
discussed  together  with  the  potential 
problems  associated  with  their 
implementation. 

The  lecture  series  was  concluded 
with  a round-table  discussion  involv- 
ing all  of  the  speakers.  Many  points 
on  the  details  of  the  various  papers 
were  brought  out  as  well  as  the  gen- 
eral subject  of  how  to  provide  adequate 
data  processing  for  the  vast  amounts 
of  remote- sensing  data  that  will  be 
pouring  into  various  centers.  No  spe- 
cific conclusions  were  drawn  on  how 
to  resolve  this  problem  which  is  com- 
plicated by  the  fact  that  there  are 
currently  many  data-processing  centers 
servicing  various  programs  and  these 
centers  are  worldwide.  The  subject 
was  left  as  one  for  further  study  as 
interaction  of  the  programs  and  cen- 
ters evolves. 

In  general  the  series  was  most  in- 
formative, covering  everything  from 
the  reasons  for  the  high  priority 
placed  on  remote  sensing  by  the  Navy, 
through  the  basic  methods  of  operation 
of  remote-sensing  detectors,  to  cur- 
rent and  potential  application  of  dif- 
ferent systems.  The  quality  of  the 
papers  was  high,  and  the  method  of 
presentation  and  subjects  covered  were 
well  thought  out.  (Robert  W.  Rostron) 


( 
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NATO  AIR-SEA  INTERACTION  SYMPOSIUM 


The  North  Atlantic  Treaty  Organi- 
zation (NATO)  Symposium  on  Turbulent 
Fluxes  Through  the  Sea  Surface,  Wave 
Dynamics,  and  Prediction  was  held  near 
Marseille,  France  on  the  He  de  Bendor 
from  12-16  September  1977.  The  joint 
directors  of  the  Symposium  were  Prof. 

A.  Favre,  Institute  de  Mdcanique  Sta- 
tistique  de  la  Turbulence  (IMST), 
Marseille,  France  and  Prof.  Dr.  K. 
Hasselmann,  Max-Planck  Institute  ftlr 
Meteorologie , Hamburg,  FRG.  They  opened 
the  meeting  with  additional  comments 
by  Dr.  M.  Di  Lullo  from  the  NATO  Divi- 
sion of  Scientific  Affairs  and  a member 
of  the  NATO  Air-Sea  Interaction  Panel. 
This  five-day  symposium  was  very  well 
organized,  gathering  together  leading 
theoreticians,  laboratory  experimenters, 
and  operational-prediction  people. 

The  success  of  the  meeting  was  facili- 
tated by  the  site's  being  a very  small 
island.  This  encouraged  exchange  of 
ideas  between  the  75  participants;  con- 
versations were  always  dynamic  and 
sometimes  quite  turbulent.  We  agree 
with  Dr.  J.A.  Anderson  (Chr.  Michelsen 
Institute,  Bergen,  Norway  and  NATO  Air- 
Sea  Interaction  Panel  Member)  who,  in 
his  closing  speech,  predicted  advances 
in  man's  understanding  of  air-sea  in- 
teraction phenomena  as  a direct  product 
of  the  meeting. 

Reflecting  the  title  of  the  Sympo- 
sium, there  were  three  sections:  fluxes, 
wave  dynamics,  and  prediction.  The  se- 
lection of  papers  by  the  scientific 
committee  was  very  well  balanced  between 
these  topics.  In  addition  to  Favre  and 
Hasselmann,  the  scientific  committee 
included  Prof.  H.  Lacombe  (Laboratoire 
d'Oceanographie  Physique  du  Musdum  Na- 
tional d'Histoire  Naturelle,  Paris, 
France),  Prof.  M.S.  Longuet-Higgins 
(Univ.  of  Cambridge,  UK),  and  Prof,  E, 
Mollo-Christensen  (MIT,  Cambridge,  MA) . 

The  interdisciplinary  papers  pre- 
sented in  the  fluxes  sessions  added  a 
dimension  to  the  Symposium  usually  not 
found  at  a wave-dynamics  or  wave- 
prediction  conference.  Heat,  water  va- 
por, momentum,  particulate,  and  droplet 
fluxes  were  discussed.  The  role  of  the 
surface  microlayer  in  wave  generation 
and  measurement,  particularly  by  remote 
techniques,  was  mentioned.  An  excel- 
lent review  paper  on  particulate  matter 
exchange  across  the  ocean-atmosphere 
interface  was  presented  by  R.  Chesselet 
(Centre  de  Faibles  Radioactlvltds 


Laboratoire,  Gif-sur-Yvette,  France). 

The  mechanism  of  upward  transport  of 
particulates  from  the  sea  is  not  very 
well  understood.  It  is  believed  that 
estimates  of  10**  bursting  bubbles 
per  second  over  the  ocean  may  explain 
the  sea  salt  but  not  the  10*  tons  per 
year  of  particulates  transported  from 
the  sea  to  the  atmosphere.  The  papers 
on  fluxes  included  bulk-measurement 
techniques  in  the  field,  and  labora- 
tory studies  with  the  general  theme 
that  flux  processes,  wave  generation, 
and  wave  propagation  are  dynamically 
coupled.  Although  the  relationship 
of  the  laboratory  studies  to  the  real 
world  was  challenged,  it  was  obvious 
that  such  investigations  are  necessary 
to  increase  man's  understanding  of 
the  complicated  interrelationships  and 
that  the  laboratory  work  can  be  of 
significant  assistance  in  the  design 
of  field  measurements.  J.A.  Businger's 
(Univ,  of  Washington,  Seattle,  WA) 
paper  on  the  structure  of  convective 
elements  in  the  atmospheric  boundary 
layer  clearly  demonstrated  the  prob- 
lems associated  with  field  measurements 
caused  by  intermittency  of  the  fluxes, 
that  is  the  differences  in  the  specif- 
ic observations  from  within  a convec- 
tive element  or  outside  the  element. 

One  of  the  most  challenging  prob- 
lems for  air-sea  interaction  scientists 
has  been  the  direct  measurement  of 
evaporation  over  the  sea.  Dr,  Liliane 
Merlivat  (Commissariat  h I'Energie 
Atomique,  France)  showed  laboratory 
data  obtained  in  an  air-water  tunnel 
at  IMST  indicating  that  the  distri- 
bution of  D and  * ' 0 in  the  air  over 
a water  surface  can  be  related  to  evap- 
oration, Agreement  between  experimen- 
tal and  theoretical  isotopic  distri- 
butions was  convincing,  and  the  abil- 
ity to  obtain  drag  and  bulk  evaporation 
coefficients  from  the  observations 
is  a promising  new  development.  K.H. 
Fischer  and  his  associates  (Institut 
fUr  Umweltphysik , UniversitMt  Heidelberg, 
FRG)  reported  on  the  measurements  of 
transports  of  vapor,  CO,,  and  other 
gases.  This  paper,  delivered  by  K.O. 
MUnnich  (Heidelberg) , indicated  iso- 
tope techniques  will  be  increasingly 
used  in  the  future  both  in  the  field 
and  in  the  laboratory.  E.P.  Jones 
and  S.D.  Smith  [Bedford  Institute 
of  Oceanography  (BIO),  Canada]  reported 
on  other  field  observations  of  COj 
fluxes  measured  at  Sable  Island  during 
a period  of  ocean  warming,  when  the 
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solubility  of  CO,  decreases  and  CO, 
is  therefore  released  from  a saturated 
ocean.  This  experiment  is  an  example 
of  the  ingenious  choice  of  circumstances 
for  a well-conceived  experiment,  giving 
credible  results.  The  B.R.  Bean  and 
R.F.  Reinking  (National  Oceanic  and 
Atmospheric  Administration  (NOAA)  En- 
vironmental Research  Laboratory, 

Boulder,  CO)  paper,  presented  by  Bean, 
reported  on  aircraft  observations  of 
fluxes  in  the  Global  Atmospheric  Re- 
search Program  Atlantic  Tropical  Exper- 
iment (GATE),  In  another  paper,  S.D. 
Smith  (BIO)  reported  on  observations 
of  eddy  fluxes  of  momentum  and  heat  in 
gale-force  winds  over  the  Atlantic. 
Particulate  transports  in  the  form  of 
water  droplets  and  their  effect  on  evap- 
oration was  discussed  by  S.C.  Ling 
(Catholic  Univ.  of  America,  Washington, 
DC)  and  R.L.  Street  (Stanford  Univ,, 

CA).  Their  papers  led  to  extensive  dis- 
cussion both  inside  and  outside  the 
meeting  room  for  the  remainder  of  the 
conference. 

Longuet-Higgins  chaired  a session 
entitled  "Non-Linear  Dynamics  of  Sur- 
face Waves"  which  included  papers  on 
white  caps,  turbulence  in  the  top  mil- 
limeter of  the  ocean,  the  influence 
of  bottom  topography,  the  interaction 
of  local  wind-driven  waves  and  swell, 
and  reports  on  the  dynamics  of  surface 
waves.  He  opened  the  session  with  an 
eloquent  discussion  of  the  advances  in 
the  analysis  and  calculations  of  non- 
linear wave  processes  such  as  those 
leading  to  initiation  of  white  caps  in 
deep  water  and  resonant  interactions. 

He  reported  that  the  steepest  waves  are 
not  the  most  energetic.  Longuet-Higgins 
also  made  a few  remarks  about  the  pos- 
sible importance  of  strong  interactions 
in  nonlinear  wave  processes,  mentioning 
the  group  or  envelope  soliton,  the  re- 
sults of  H.C.  Yuen  and  B.M.  Lake  ("Non- 
linear deep  water  wave;  theory  and  ex- 
periment," PhyatoB  of  Fluida  18, 

959-960  (1975)]  on  soliton  coTTision, 
and  the  possibility  that  the  kind  of 
strong  interactions  represented  by  sol- 
iton solutions  to  the  nonlinear  surface- 
wave  problem  may  prove  Important. 

There  were  many  detailed  papers  pre- 
sented in  this  session;  for  example, 

D.E.  Hasselmann  (Univ.  of  Hamburg,  FRG) 
showed  that  the  so-called  weak- 
interaction  theory  between  long  waves 
and  short  waves  is  essentially  a sophis- 
ticated way  o^  expressing  a Fourier  de- 
scription of  the  original  wave  equation. 


M.J.H.  Fox  (Univ,  of  Cambridge,  UK) 
gave  a detailed  paper  on  what  he  be- 
lieves is  the  first  accurate  calcula- 
tion of  the  nonlinear  transfer  of  en- 
ergy within  a continuous  spectrum  of 
water  waves.  D.J.  Webb  (Institute 
of  Oceanographic  Sciences,  Wormley, 

UK)  gave  a very  thought-provoking  pa- 
per on  Klaus  Hasselmann's  equations 
for  describing  the  nonlinear  interac- 
tions between  sea  waves.  Webb  attrib- 
utes the  nonlinear  peak  in  the  wave 
spectrum  to  the  higher  wave  numbers 
and  suggests  the  primary  physical  proc- 
ess is  the  scattering  of  waves  near 
the  peak  of  the  wave  spectrum  by  short 
waves.  His  analysis  leads  to  the  con- 
clusion that  long  waves  get  longer 
and  short  waves  shorter.  The  eleven 
presentations  on  nonlinear  dynamics 
of  surface  waves  and  the  discussion 
indicated  that  there  has  been  progress 
in  describing  these  phenomena. 

A session  chaired  by  O.M,  Phillips 
(Johns  Hopkins  Univ.,  MD)  entitled 
"Wind-Wave  Interactions"  focused  on 
the  generation  of  the  ocean-wave  spec- 
trum with  considerable  emphases  on 
the  differences  between  laboratory  and 
field  wave-generation  mechanisms,  on 
wave-wave  interactions  and  on  the 
white-cap  or  breaking-wave  mechanism. 
Although  the  laboratory  and  field  spec- 
tra appear  similar,  the  general  con- 
sensus is  that  at  high  wave  numbers, 
the  extension  of  laboratory  findings 
to  the  real  world  requires  caution. 
However,  laboratory  studies  such  as 
those  reported  by  A.  Ramamonj iarisoa 
(IMST)  suggest  that  the  generation 
of  gravity  wind-waves  in  the  labora- 
tory is  related  to  the  mechanism  caus- 
ing the  smallest  capillary-gravity 
waves.  Near-surface  current  was  sug- 
gested to  be  important,  but  the  ques- 
tion of  air-water  interactions  that 
supply  the  energy  was  not  addressed. 
Several  papers  were  concerned  with 
the  air  flow  close  to  the  surface  of 
wind-generated  waves.  F.W,  Dobson 
(BIO)  presented  field  data  on 
atmospheric-pressure  fluctuations  over 
surface-gravity  waves  and  related 
these  data  to  energy  and  momentum 
transfer  to  and  from  the  waves.  A 
controlled  experiment  in  the  IMST  wind/ 
wave  tank,  reported  by  J.A.B.  Wills 
(National  Maritime  Institute,  UK) 
showed  a separation  of  air  flow  over 
steep  waves,  but  not  over  shallow  ones. 
On  the  basis  of  field  and  laboratory 
observations,  CDR  C.E.  Dorman,  USN 
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(Arlington,  VA)  et  al  suggested  that 
there  possibly  may  exist  an  air-sea 
interaction  group  soliton  as  a product 
of  the  process  of  instability  that  gen- 
erates waves  and  the  nonlinear  proc- 
esses that  control  the  finite-amplitude 
development  of  wind  waves.  The  field 
and  laboratory  papers  were  complemented 
by  a sophisticated  presentation  of 
a numerical  model  of  air  flow  over 
waves  by  P.A.  Taylor  (Univ,  of 
Southampton,  UK).  The  Wind-Wave  Inter- 
actions session  ended  with  an  optimis- 
tic presentation  by  Prof.  W.J.  Pierson 
(City  Univ.  of  New  York)  on  the  study 
of  the  marine  boundary  layer  using  sat- 
ellite data. 

The  last  session  of  the  Symposium, 
chaired  by  K.  Hasselmann,  dealt  with 
numerical  wave-prediction  models.  Wave- 
forecasting models  were  presented  by 
authors  from  Germany,  France,  Italy, 
England,  and  the  US.  Most  were  based 
on  Hasselmann 's  papers  of  the  early 
1960s  that  used  the  classic  transport 
equations  as  the  basis  for  wave  predic- 
tion; almost  all  of  the  numerical  mod- 
els compared  their  results  to  the  early 
spectral  ocean-wave  model  of  Pierson 
and  the  work  of  his  students  over  the 
past  two  decades.  A practical  quasi- 
linear  forecasting  model  for  the 
Adriatic  was  presented  by  L.  Cavaleri 
and  P.  Malanotte  Rizzoli  (Laboratorio 
Dinamica  delle  Grandi  Massi,  Venice). 
T.J.  Weare  and  B.A.  Worthington  (Hy- 
draulics Research  Centre,  Wallingford, 
UK)  reported  on  hindcasting  severe  wave 
conditions  for  the  North  Sea.  Dr.  Ross 
(NOAA,  Miami,  FL)  and  V,  Cardone  (City 
Univ,  of  New  York)  jointly  reported 
on  their  hurricane  wave  forecasts  while 
S.M.  Lazanoff  (Met  Optics  Corp.,  US) 
talked  about  his  work  with  N.M. 

Stevenson  of  the  US  Navy  Fleet  Weather 
Central  (Monterey,  CA)  concerning  wave 
climatology  for  ship  routing  and  design 
criteria  for  offshore  structures.  The 
general  impression  is  that  while  wave 
forecasting  is  making  rapid  progress, 
there  are  still  a number  of  points 
on  which  the  justification  for  differ- 
ent regions  could  be  put  on  a more  com- 
mon basis,  although  the  practical  re- 
sults of  forecasting  using  the  present 
state-of-the-art  are  very  important  to 
offshore  operations.  It  is  obvious  that 
further  development  of  the  numerical 
models  will  require  introduction  of  ad- 
ditional physical  and  mathematical  tech- 
niques. As  the  various  models  are  de- 
veloped it  appears  that  Hasselmann 's 


suggestion  of  designing  some  kind  of 
skill  score  for  objective  comparison 
should  be  adopted. 

The  entire  Symposium  was  by  all 
criteria  successful,  unusually  excit- 
ing, and  very  well  organized.  The 
peaceful  surroundings  while  cloistered 
on  the  Isle  of  Bendor  provided  ample 
opportunities  for  discussion.  The 
host  laboratory  was  well  represented 
at  the  Symposium,  and  produced  a num- 
ber of  interesting  new  results,  rang- 
ing from  observations  at  the  habitable 
moored  buoy  in  the  Mediterranean, 

BORHA  II,  to  precise  measurements  of 
profiles,  fluxes,  and  dispersion  re- 
lations made  in  its  large  laboratory 
facilities. 

Nonlinear-wave  theory  seems  to  be 
coming  of  age,  and  nonlinear  wave- 
generation  theory  may  be  just  around 
the  corner — so  we  guess  from  the  ex- 
position of  Longuet-Higgins,  the  re- 
marks of  Phillips,  and  the  hints  given 
by  others  and  by  reported  observations. 
Isotope  methods  are  coming  into  use, 
and  particulate  transport  is  going 
to  receive  more  emphasis,  both  in  me- 
teorology and  in  pollutant-transport 
processes . 

For  those  with  interest  in  the  de- 
tails of  the  reports  and  discussions, 
the  proceedings  will  be  available 
from  Plenum  Press  in  the  near  future. 
[Erik  Mollo-Christensen  (MIT,  Cambridge) 
and  Paul  F.  Twitchell  (Office  of  Naval 
Research,  Boston,  MA) ] 


PHYSICAL 

SCIENCES 


A MAX-PLANCK  LASER  INSTITUTE  IN 

GARCHTWG— WYTO? 

A new  Max-Planck  Institute  for  la- 
ser research  may  be  in  the  making. 

In  January  1976  the  Pro jectgruppe  fUr 
Laserforschung  der  Max-Planck- 
Gesellschaft  (PLF)  was  established 
at  Garchlng,  FRG.  Under  current  plans 
the  group  will  operate  for  five  years 
with  the  decision  on  whether  it  will 
become  a permanent  Max-Planck  Institute 
slated  for  1979.  Funding  comes  directly 
from  the  Bundesminlsterium  fQr  Forschung 
und  Technologic  (BMFT) . The  PLF  is 
situated  on  the  Max-Planck  Institute 
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f(ir  Plasmaphysik  (IPP)  site  and  current- 
ly uses  their  facilities.  The  Univer- 
sity of  Munich  is  on  an  adjacent  site. 

A group  of  scientists  formerly  un- 
der the  IPP  make  up  the  PLF  whose  char- 
ter was  enlarged  from  nuclear  research 
to  include  high-power  applications  to 
chemistry,  isotope  separation,  and 
spectroscopy.  The  laboratory  is  com- 
p.osed  of  the  following  groups:  Iodine- 
laser  development  and  laser-matter 
interaction  under  Dr.  S.  Witkowski, 

Laser  chemistry  under  Dr.  K.  Kompa,  and 
Laser  spectroscopy  and  chemical  reac- 
tions under  Professor  H.  Walther. 

Kompa  is  the  current  project  director 
under  a system  in  which  the  leadership 
rotates  among  the  three  group  leaders. 
Currently  they  have  a staff  of  74,  but 
plan  to  expand  to  a final  figure  of 
about  100  within  the  next  year.  In  ad- 
dition to  the  regular  staff,  many  sci- 
entific positions  are  filled  by  visit- 
ing scientists  through  the  Postdoctoral 
Research  Associateship  and  Senior  Fel- 
lowship Programs.  About  50%  of  the 
staff  work  on  laser  fusion,  251  on  la- 
ser spectroscopy,  and  the  remainder  on 
laser  chemistry.  The  annual  budget  is 
DM  10  million. 

Close  ties  exist  with  the  University 
of  Munich  where  both  Walther  and  Kompa 
have  appointments  and  several  other  PLF 
staff  members  teach  courses.  Beyond 
this  a number  of  university  students 
work  on  research  projects  at  the  PLF. 

Witkowski 's  group  is  studying  high- 
power  laser  development  and  laser  inter- 
action with  materials.  Systems  with 
potential  application  to  laser  fusion 
include  Nd:glass,  COi,  and  iodine. 

The  PFL  concentrates  on  the  C»F7l  photo- 
dissociative  iodine  laser  for  this  ap- 
plication. This  system  was  selected 
instead  of  CO,  because  of  the  energy 
transfer  problems  associated  with  the 
longer  wavelength  radiation.  It  was 
chosen  over  the  Ndrglass  system  because 
of  sel f- focusing  and  cooling  problems 
associated  with  Nd.  Their  flashlamp- 
pumped  CsF7l  system  produces  pulses  hav- 
ing 1-TW  peak  power  with  500-psec  full 
width  at  half  maximum  power  and  400-psec 
rise  time.  The  overall  system  effi- 
ciency is  0.15%,  and  the  laser  can  be 
fired  once  each  8 minutes.  They  have 
completed  preliminary  studies  on  beam 
diagnostics  and  target  interaction  and 
have  determined  that  the  beam  output 
from  the  final  amplifier  stage  is  5 
times  diffraction  limited  and  can  be 
focused  to  a 70-pm  spot.  Their 


continuing  research  aims  at  achieving 
shorter  pulse  duration  and  better  pre- 
pulse isolation. 

To  date  most  of  their  laser-materials 
interaction  research  has  been  with  a 
Quantel  Nd:glass  system  that  produces 
1-J,  30-psec  pulses  at  a rate  of  one 
per  minute  and  with  a smaller  iodine 
system  that  produces  30  J in  1 nsec. 

They  have  measured  absorption  versus 
reflection  for  various  pulse  lengths, 
energies,  and  target  materials,  with 
results  similar  to  those  previously  ob- 
tained at  Los  Alamos.  For  additional 
details  see  ff5JV  29-6:280  and  31-9:375. 

The  laser  chemistry  group  is  con- 
cerned with  laser  development  and  the 
application  of  lasers  to  chemical  sep- 
aration. They  have  built  CO,,  CO,  and 
HF  systems,  but  their  work  on  a 
transverse-excited  atmospheric  (TEA) 

CO  laser  seems  most  promising.  Using 
a standard  COa  laser  design  and  cooling 
the  electrodes  and  incoming  CO  lasing 
medium  to  -20”C,  Mr.  W.E.  Schmid  has 
built  a TEA  CO  laser  with  5 J per  pulse 
output.  The  pulse  properties  are  100- 
KW  peak  power,  30-  to  70-visec  pulse 
width  and  2%  efficiency  for  an  active 
volume  of  1.25  liters.  The  laser  os- 
cillated on  as  many  as  18  P-branch 
transitions  and  with  as  much  as  30% 
of  the  energy  in  a single  line  when 
intercavity  selection  was  used.  At 
operating  temperatures  below  -20®C  the 
discharge  becomes  unstable.  The  elec- 
trodes use  a sliding  spark  arrangement 
and  are  fabricated  using  a copper  mesh 
embedded  in  plastic.  (This  work  was 
described  in  a paper  at  the  Fourth  Col- 
loquium on  Electronic  Transition  Lasers 
at  Munich,  20-22  June  1977;  see  PS/t 
31-9:372.) 

Using  a COi  laser  to  excite  SF,, 
they  have  been  able  to  separate  the 
’“•S  molecular  species  from  ’^S.  They 
have  demonstrated  separation  of  a few 
grams  of  the  “'S  molecular  species 
through  the  selective  dissociation 
of  the  containing  SF«  molecules. 
Other  studies  on  ammonia  systems  have 
also  been  undertaken,  but  the  number 
of  chemical  systems  to  which  this  tech- 
nique is  applicable  is  currently  lim- 
ited by  the  lack  of  continuously  tunable 
high-power  lasers. 

In  an  experiment  conducted  by  Dr. 

D.  Proch,  the  efficiency  of  dissociation 
of  SF»  by  C02  radiation  is  being  stud- 
ied. Focused  laser  light  is  used  to 
irradiate  a molecular  beam  of  SF»  at 
right  angles  to  the  beam,  and  a mass 
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spectrometer  to  study  the  fragments 
produced.  The  experiment  is  conducted 
in  a cryogen i c-pumi)cd  reaction  vessel. 

The  emphasis  in  Walther's  group  is 
the  application  of  tunable  sources  to 
the  understanding  of  chemical  reactions. 
The  group  is  studying  allene  (CjlU)  us- 
ing tunable  PbjSSe  sources  in  the  S-pm 
range,  their  semiconductor  lasers  being 
purchased  from  AUG  Telefunken.  They 
are  building  an  iodine  laser-pumped 
parametric  oscillator  for  the  2.6-  to 
5-pm  region  using  a l.iNbO,  crystal  as 
the  nonlinear  element.  Stimulated  Raman 
scattering  in  strontium  vapor  is  being 
studied  in  order  to  produce  a tunable 
source  in  the  16-vim  region.  In  other 
work  in  the  group  a dye  laser  is  being 
used  to  study  the  interaction  of  two 
crossed  molecular  beams  of  rubidium  and 
liydrogen  or  rubidium  and  potassium. 

The  decision  as  to  whether  the 
I’roj  ectgruppe  becomes  a Max-Planck  In- 
stitute depends  on  several  factors, 
some  of  which  are  political  in  nature. 

If  the  decision  were  based  on  merit 
alone  we  feel  that  the  answer  would  he 
yes.  The  caliber  of  the  personnel  is 
very  good  and  the  quality  of  the  lab- 
oratory equipment  and  instrumentation 
is  exceptional.  [MA.I  James  Correll 
(i:OARD)  and  Vern  Smiley] 


I.AShRS  AND  MAGNETIC  RKSONANCl- 

At  the  end  of  August  a conference 
entitled  "Optical  Techniques  in  Magnetic 
Resonance  Spectroscopy"  was  held  at 
Irinity  College,  Univ.  of  Dublin.  Pro- 
fessor Brian  Henderson  and  his  associ- 
ates at  Trinity  provided  facilities 
and  services  that  created  an  intimate 
and  relaxed  meeting  of  less  than  200 
attendees.  However  historic  the  setting 
•and  the  customs  of  the  University,  the 
Conference  Itself  was  concerned  with 
a field  that  is  new  and  expanding  in 
many  directions.  Magnetic  resonance 
techniques  are  well  established  in  sol- 
ids. These  techniques  include  electron- 
spin  resonance  fnSR) , nuclear  magnetic 
resonance  fNMR) , and  the  combination 
of  the  two  called  electron  nuclear  dou- 
ble resonance  (KNDOR) . The  opportunity 
currently  being  exploited  is  to  deter- 
mine what  new  kinds  of  things  can  be 
studied  if  a strong  optical  source — 
usually  a laser — is  added  to  this 


arsenal  of  experimental  tools. 

Professor  Clyde  A.  Hutchinson,  .Ir. 
(Univ.  of  Chicago)  reviewed  the  early 
experiments  in  which  he  studied  some 
of  the  rare-earth  ions  such  as  Nd’* 
and  Dy’'^  in  host  materials  like  I.aCl,. 
By  irradiating  with  light,  the  rare 
earths  could  be  placed  in  a long-lived 
excited  state  with  a slow  fluorescence. 
If  a magnetic  field  and  microwaves 
were  applied  to  these  materials  at 
the  same  time,  the  fluorescence  inten- 
sity was  modulated  as  the  magnetic 
field  was  varied.  This  was  due  to 
magnetic  resonance  occurring  in  the 
excited  states  of  the  rare-earth  ions. 
As  a result  it  was  shown  to  be  possi- 
ble to  study  the  excited  states  of 
centers  with  the  elegant  tools  long 
in  use  for  the  ground  state.  Prom 
this  beginning  a wide  range  of  mate- 
rials has  been  studied  and  an  equally 
wide  range  of  techniques  has  been  em- 
ployed. In  this  report  some  of  ' hese 
directions  will  be  sketched  to  indi- 
cate the  vitality  and  variety  of  the 
field. 

H.  Lengfcllner  and  K.P.  Renk 
(Regensburg,  PRC)  studied  ruby — 

A1  jOj  :Cr . As  is  well  known,  optical 
pumping  raises  the  Cr’*  ion  to  two 
closely  spaced  excited  metastablc 
states.  By  applying  a magnetic  field, 
each  of  these  levels  is  split  into 
two  levels,  the  amount  of  splitting 
being  dependent  on  the  magnetic  field. 
The  energy  of  transition  from  the  low- 
est of  these  four  levels  to  the  two 
highest  can  be  varied  by  the  magnetic 
field.  Lengfellner  and  Renk  irradiate 
the  crystal  with  far  infrared  light 
in  the  millimeter  wave  region  and  look 
for  resonance  absorption  as  the  mag- 
netic field  is  varied.  Rather  than 
looking  directly  for  absorption  of 
the  infrared  light,  however,  they 
seek  variations  in  the  visible  fluores- 
cence of  the  Cr*'*’  ion  as  resonance 
occurs.  Data  produced  on  the  energy 
difference  and  g value  of  excited 
states  in  this  way  are  in  good  agree- 
ment with  those  of  other  measurements. 

A summary  of  studies  on  excitons 
in  silver  halides  and  alkaline  earth 
fluorides  was  given  by  W.  Hayes  (Univ. 
of  Oxford,  UK).  Those  materials,  like 
the  alkali  halides  that  had  been  un- 
raveled earlier,  have  some  long-lived 
triplet  exciton  states  that  can  be 
produced  by  optical  excitaiien.  'u 
the  alkali  halides  the  exciton  i ecomes 
self  trapped  as  its  hole  part  becomes 
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localized  between  two  halogen  ions,  and 
the  electron  circulates  around  the 
trapped  hole.  In  AgCl,  however,  the 
hoje  appears  to  become  trapped  on  the 
Ag  ion  to  make  it  Ag^*.  Other  mate- 
rials such  as  CsF  and  SrFi  also  differ 
from  the  alkali  halide  case  in  the 
details  of  their  trapped  excitons. 

A variation  of  these  techniques 
was  used  by  K.  Hahn,  K.F.  Mauser,  H.J. 
Reyher,  and  A.  Winnacker  (Heidelberg, 
FRG).  They  saturate  the  absorption  of 
the  center  (F-centers  in  CsCl  and  CrBr) 
by  intense  irradiation  with  a dye  laser. 
This  places  most  of  the  centers  in  the 
relaxed  excited  state.  FSR  experiments 
on  the  relaxed  excited  state  will  change 
the  relative  population  of  the  "spin 
up"  and  "spin  down"  centers.  Transi- 
tions to  the  ground  state  occur,  but 
the  altered  spin  distribution  memory 
is  retained  and  now  appears  in  the 
ground  state  of  the  center.  This  vari- 
ation in  the  ground-state  spins  is 
sensed  by  magnetic  circular-dichroism 
measurements  of  the  absorption  from  the 
ground  state  simultaneously  with  the 
dye-laser  excitation.  In  this  case  the 
ground-state  spin  system  reflects  reso- 
nance absorption  in  the  relaxed  excited 
state  and  allows  measurements  that  have 
not  previously  been  possible. 

The  optically  excited  states  of 
F-centers  in  CaO  were  discussed  exten- 
sively by  Y.  Merle  D'AubignS  and  R. 
Romestain  and  their  co-workers 
(Grenoble,  France).  They  followed  the 
effects  of  internal  strains  and  the  pho- 
non effects  leading  to  Jahn-Teller 
splittings  in  this  system.  J.J.  Davies 
(Univ.  of  Hull,  UK)  studied  optically 
excited  ZnZnS:Cl  with  the  aim  of  clari- 
fying the  role  of  various  centers  in 
this  fundamental  luminescent  material. 

S.  Geschwind  (Bell  Laboratories, 
Whippany,  NJ)  described  a very  differ- 
ent optical  technique.  He  applied  spin- 
flip  Raman  scattering  to  a study  of 
electron  dynamics  in  CdS.  In  this  proc- 
ess one  may  have  electric  dipole  cou- 
pling of  an  optical  field  to  the  spins 
in  an  external  magnetic  field  such  that 
the  light  may  flip  the  spin  and  undergo 
a frequency  shift  corresponding  to  the 
Zeeman  energy.  If  the  electrons  are 
localized,  the  linewidth  of  the 
frequency-shifted  light  or  Raman  com- 
ponents will  correspond  to  an  EPR  line- 
width.  However,  if  the  electrons  are 
delocalized,  as  happens  with  heavy  im- 
purity doping,  the  translational  motion 
of  the  electrons  introduces  a Doppler 


width  whose  details  can  be  used  to 
analyze  the  electron  dynamics. 

Another  quite  different  development 
was  described  by  B.P.  Zakharchenya 
(Ioffe  Institute,  J.eningrad,  USSR). 

He  and  his  associates  have  observed 
linear  polarization  of  recombination 
radiation  in  the  hot  photoluminescence 
spectrum  of  ji-type  GaAs  cubic  crystals 
excited  by  linear  polarized  light. 

This  is  because  light  irradiation  of 
the  band  of  heavy  holes  in  GaAs  gener- 
ates electrons  with  the  momentum  pre- 
dominantly perpendicular  to  the  elec- 
tric vector  of  the  exciting  light. 

This  polarization  is  also  reflected 
in  an  effective  nuclear  polarization 
produced  by  hyperfine  interactions  be- 
tween .i.v.  1 i gilt -or i ented  electrons  and 
the  n'<clei.  The  research  has  involved 
a detailed  study  of  this  interaction 
and  its  relationship  to  nuclear 
magnet  i sm . 

From  the  earliest  days  it  was  evi- 
dent that  the  optical  detection  of 
magnetic  resonance  is  ideal  for  organic 
materials  that  have  a long  lived  trip- 
let excited  state.  As  a result  there 
has  been  very  widespread  use  of  such 
techniques  for  studies  of  all  kinds 
of  problems  in  organic  materials. 
Roughly  half  of  the  Conference  was 
devoted  to  these  materials.  It  may 
be  worth  noting  that  there  is  a large 
concentration  of  effort  on  organic 
materials  in  Germany.  Six  different 
groups  gave  papers  at  this  Conference. 
An  important  theme  was  the  determina- 
tion of  structure  in  the  optically 
excited  state.  This  was  studied  in 
many  materials  such  as  charge-  transfer 
molecules,  hormones,  various  dyes, 
and  chlorophylls,  among  others. 

There  was  special  interest  in  a 
paper  given  by  P.A.  Chiha,  R.H.  Clarke, 
F.  Kramer,  and  N.  Lasser  (Boston  Univ. , 
Boston,  MA)  who  were  concerned  with 
studies  of  the  photoexcited  triplet 
states  of  anthracene,  pyrene,  or  ben- 
zopyrene molecules  bound  to  DNA. 

Since  the  amount  of  experimental  mate- 
rial is  very  small,  ordinary  techniques 
would  be  difficult.  Instead  they 
measured  the  optical  absorption  transi- 
tion from  the  lowest  excited  triplet 
state  to  a still  higher  triplet  state 
and  noted  modulations  of  this  transi- 
tion by  microwave  resonance  of  the 
lower  triplet.  The  level  splittings 
and  the  dynamics  found  for  the  com- 
plexes were  compared  with  simpler 
solvent  systems  to  give  information 
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on  the  nature  and  local  site  interac- 
tions within  DNA. 

The  impression  left  by  the  Confer- 
ence was  that  using  complex  combinations 
of  optical  and  microwave  equipment 
large  varieties  of  materials  and  prob- 
lems are  being  attacked  with  great  in- 
genuity. The  rate  of  change  of  the 
field  seems  very  rapid  indeed;  it  should 
be  worth  watching.  (Clifford  C.  Klick) 


PROBING  THE  STRATOSPHERE  WITH  LASERS 
AT  VtrtRTERES-LE-BUlSSON 

The  Service  d' Agronomic  du  CNRS  is, 
as  the  name  implies,  a laboratory  of 
the  Centre  National  de  la  Recherche  Sci- 
entifique  (CNRS),  but  it  also  receives 
support  from  the  Centre  National 
d’Etudes  Spatiales  (CNES)  which  does 
not  itself  have  laboratories.  The  Serv- 
ice d'A^ronomie,  which  specializes  in 
upper-atmosphere  and  space  research, 
is  located  in  the  Paris  suburb  of 
Verribres-le-Bulsson.  Professor  J.E. 
Blamont,  the  head  of  the  establishment, 
unfortunately  was  in  the  US  during  my 
visit.  Altogether  there  are  about  100 
people  at  the  laboratory  of  whom  about 
20  are  in  the  lidar  group  that  I 
visited. 

I was  escorted  through  the  experi- 
mental  laboratories  by  Dr.  G.  Megie, 
who  first  showed  me  some  of  his  work 
in  Paris  at  the  Ecole  Polytechnique 
where  he  is  collaborating  with  Dr.  Y.H. 
Meyer's  Molecular  Physics  Group  (see 
ESN  31-10:421).  This  joint  project  with 
Meyer's  group  centers  on  obtaining  a 
very  narrow  high-energy  source  for  gas- 
eous measurements.  A narrow  spectral 
width  is  needed  to  obtain  information 
on  the  line  widths  of  the  gas  being 
probed.  The  goal  is  to  obtain  more  than 
1 J of  energy  with  a spectral  width  less 
than  5 x 10*’  A.  They  intend  to 
injection-lock  a pulsed  oscillator  with 
a narrow-band  cw  dye-laser  o'scillator 
and  then  increase  the  output  of  the  sec- 
ond oscillator  with  amplifiers  until 
the  desired  energy  is  reached.  In  ad- 
dition, high-energy,  narrow-band  lasers 
are  developed  at  the  Ecole  Polytech- 
nique for  stratospheric  Ildar  experi- 
ments. Earlier  lasers  used  by  Megie 
and  his  colleagues  were  developed  by 
Meyer's  group.  Now  the  A^ronomie  group 
is  carrying  out  some  of  its  own  laser 


development.  Previously,  a 3-  to  5-J 
(before  spectral  narrowing)  basic  la- 
ser was  developed  here  for  Na 
measurements . 

The  basic  laser  consists  of  a tun- 
able dye,  oscillator-amplifier  system. 
The  oscillator  and  amplifier  each  have 
two  flashlamps  placed  at  two  of  the 
foci  of  a bielliptical  cavity  while 
a dye  cell  is  placed  at  the  common 
focus.  The  four  flashlamps  each  with 
its  separate  capacitor  are  wired  in 
parallel  and  synchronized  by  the  use 
of  a common  spark-gap.  Jitter  in 
flashlamp  firing  is  less  than  0.1  gsec. 
Spectral  narrowing  of  the  oscillator 
is  acliieved  by  using  an  intracavity 
Fabry-Perot  (FP)  etalon  with  a spacing 
of  20  vim  and  mirror  reflectivities 
(R)  each  equal  to  0.5.  A spectral 
width  of  2 A is  achieved  in  this  way. 

A second  FP  etalon  is  added  (200-vim 
spacing.  R = 0.3)  to  reach  a bandwidth 
of  0.1  A at  5896  A.  Output  energy 
(narrowed  to  0.1  A)  is  1.2  J with  a 
pulse  duration  of  3 psec. 

The  output  beam  from  the  previously 
described  laser  is  frequency-doubled 
with  a nonlinear  crystal  to  work  in 
the  uv  for  Os  and  NOs . An  output 
energy  of  100  mJ  is  obtained  at  3000  A. 

A dye-laser  source  for  measurement 
of  Li  vapor  is  also  under  development, 
Megie  would  like  to  obtain  1 J of 
pulsed  energy  with  a spectral  width 
of  50-70  mA.  This  is  broader  than 
the  width  of  the  Li  line  which  is 
about  20  mA.  An  output  somewhat 
broader  than  the  line  being  probed 
avoids  interpretation  of  results  when 
the  laser  output  is  narrower  than  the 
line.  The  dye  being  used  is  RH  640. 

Megie  described  another  laser  source 
for  stratospheric  measurement  of  K 
vapor  at  7699  A.  It  is  composed  of 
a ruby  laser-pumped  dye  system  with 
one  oscillator  and  four  amplifiers. 

The  dye  is  3,3'  dimethyl  2,2  oxatricar- 
bocyanine  (DOTC)  dissolved  in  dimethyl- 
sulfoxide  (DMSO).  Output  is  greater 
than  1 J with  a pulse  duration  of 
30  nsec. 

From  the  Ecole  Polytechnique  we 
went  to  the  main  laboratory  of  the 
Service  d'A^ronomie  at  Vierriferes- 
le-Buisson  to  see  the  lidar  system, 
Megie's  colleague.  Dr.  Marie-Lise 
Chanin,  who  also  works  with  lidar  meas- 
urements, joined  us  there  and  we  dis- 
cussed the  lidar  program.  Most  of 
their  past  measurements  have  been  made 
in  the  stratosphere  on  Na  and  K vapor 
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using  laser  sources  previously 
described. 

The  basic  elements  of  the  lidar 
system  are  a laser  transmitter,  an  80- 
cm-diameter  f/3  telescope,  a photomul- 
tiplier and  a 50-MHz  counter  and  tape 
recorder.  As  with  all  lidar  systems, 
a laser  pulse  is  sent  out  and  a meas- 
urement of  the  backscattered  or  fluores- 
cent radiation  as  a function  or  range 
is  recorded.  When  this  system  is  set 
up  for  Na  or  K,  a rotating  shutter  is 
used  to  block  the  photomultiplier  from 
Rayleigh  scattering  from  the  first  5 km. 
A small  fraction  of  the  laser  output 
goes  to  a resonance  absorption  cell  con- 
taining Na  or  K vapor  which  checks 
the  laser  for  correct  wavelength  and 
also  serves  as  a power  monitor  for  rel- 
ative calibration.  Photoelectron  count- 
ing is  used  in  the  receiver  for  the 
upper- atmosphere  work.  Sometimes  sig- 
nals are  averaged  for  as  long  as  30  min- 
utes for  Na  and  for  2 or  3 hours  for 
K experiments. 

At  the  time  of  my  visit  the  lidar 
was  modified  for  detection  of  NOj  by 
the  fluorescence  method.  Some  of  the 
electronics  are  changed  for  this  experi- 
ment as  lower  altitudes  are  probed,  and 
signals  may  be  more  intense. 

The  use  of  lidar  for  measuring 
stratospheric  Na  was  reported  earlier 
by  M.  Sanford  and  A.  Gibson  in  1970. 
Blamont,  Megie,  and  Chanin  use  the  same 
laser  principal.  A tunable  dye-laser 
source  is  adjusted  to  coincide  with  a 
resonance  line  of  the  atom  being  probed, 
in  this  case  the  D,  line  of  Na  at 
5896  A.  The  atoms  scatter  radiation 
at  the  same  wavelength  with  an  enhanced 
cross  section  many  orders  of  magnitude 
larger  than  nonresonant  Rayleigh  scat- 
tering. The  method  therefore,  is  both 
sensitive  and  selective. 

The  group  makes  stratospheric  meas- 
urements with  the  lidar  at  Haute 
Provence  Observatory  in  the  south  of 
France.  Measurements  are  made  at  night 
in  order  to  avoid  daytime  sky  background 
radiation.  Observations  have  been  made 
over  a period  of  more  than  3 years  on 
the  Na  which  is  located  mainly  at  alti- 
tudes between  80  and  100  km.  Time- 
dependent  stratifications  have  been 
observed  and  attributed  to  propagation 
of  gravity  waves  at  these  heights. 

They  have  also  found  that  the  total 
column  abundance  of  Na  was  enhanced 
during  meteor  showers  thus  providing 
evidence  for  a meteoritic  origin  of 
part  of  the  sodium. 


Megie  et  al  have  also  made  simul- 
taneous measurements  of  atmospheric 
Na  and  K using  two  transmitters  de- 
scribed previously.  They  noted  a 
similarity  in  the  day-to-day  variations 
of  the  two  layers;  however,  the  long- 
term behavior  is  different,  A season- 
al variation  was  observed  in  the  Na 
layer  but  none  in  the  K layer.  The 
abundance  ratio  of  sodium  to  potassium 
was  found  to  vary  (during  one  year 
of  data  collection)  from  a low  value 
of  'V'lO  during  summer  to  a high  value 
of  'V'SO  during  winter.  This  suggests 
that  there  are  two  different  origins 
of  these  elements  in  the  upper  atmos- 
phere. Megie  et  al  believe  that  one 
origin  for  both  is  meteoric  and  non- 
seasonal  and  that  in  addition  a ter- 
restrial source  exists  in  which  a 
vertical  transport  of  salt  particles 
occurs  in  winter  at  high  latitudes 
during  breakdowns  in  the  circulation 
pattern  of  the  polar  stratosphere. 

Experiments  are  now  being  conducted 
on  NOa  with  a two-channel  lidar.  The 
atmospheric  NOa  is  excited  with  a dye 
laser  in  the  blue  region  of  the  spec- 
trum and  the  signals  are  received 
by  two  photomultipliers  one  observing 
NOa  fluorescence  at  ^-8000  A,  the  other 
for  reference  in  the  blue  region. 

This  system  was  undergoing  initial 
tests  at  the  time  of  my  visit,  and 
insufficient  data  had  been  collected 
to  determine  its  ultimate  capability. 

There  are  only  a few  groups  carry- 
ing out  stratospheric  probing  of  gases 
by  lidar.  I found  this  laboratory  in- 
novative and  productive  in  this  area. 
Part  of  their  success  is  due  to  their 
relationship  with  laser  people  at  the 
Ecole  Poly technique  (Meyer's  group) 
as  well  as  their  own  ability  in  the 
development  of  high-energy  tunable 
lasers  at  various  wavelengths. 

(V.  Smiley) 
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THE  SIMULATOR  INSTRUCTOR:  A NEGLECTED 
DIMENSION  OF  fLlCllT  TRAINING 

In  a university  teaching  laboratory 
it  goes  without  saying  that  the  appara- 
tus is  a mechanism  through  which  the  in- 
structor imparts  skills  and  knowledge, 
but  in  the  world  of  teaching  flying 
skills  the  apparatus  is  the  focus,  not 
the  instructor.  Air  forces  and  commer- 
cial airlines  use  flight  simulators 
very  extensively  in  pilot  training,  and 
they  often  treat  them  as  earth-bound 
aircraft  rather  than  teaching  apparatus 
in  the  hands  of  an  instructor. 

The  Flight  Simulation  Group  of  the 
Royal  Aeronautical  Society  held  a sym- 
posium in  London  on  22  September  1977 
on  behalf  of  the  simulator  instructor, 
and  the  message  was  that  we  have  ne- 
glected the  instructor  and  so  we  are  not 
getting  full  value  from  these  training 
devices  that  often  cost  us  millions. 
Instructors  should  not  be  drawn  from 
the  ranks  of  nonpilot  technicians  with 
a secondhand  knowledge  of  flying,  the 
lesser  pilots  of  the  organization,  or 
retired  pilots,  as  is  sometimes  done, 
whose  flying  skills  and  knowledge  of 
current  aircraft  and  practices  go  down- 
hill after  retirement.  Instead — and 
there  was  no  disagreement  heard  on  this 
principle — simulator  instructors  should 
be  fully  qualified  pilots  in  the  air- 
craft being  simulated,  and  the  best  ones 
of  the  organization  at  that  (no  one 
faced  the  problem  of  the  best  always 
being  in  short  supply). 

A panel  of  six  speakers  was  assem- 
bled by  J.M.  Rolfe,  a research  psychol- 
ogist with  UQ  RAF  Support  Command  (RAF 
Upwood,  Huntingdon,  Cambridgeshire)  and, 
if  audience  reaction  is  a fit  judge, 
the  best  presentation  of  the  day  was 
given  by  Major  G.A.  Long  (Tactical  Air 
Warfare  Center,  USAF  Tactical  Air  Com- 
mand). Long  has  been  the  F-16  simula- 
tor program  manager,  and  he  has  been 
intimately  involved  with  the  design  of 
both  the  pilot’s  and  the  instructor's 
stations  and  how  they  should  be  used. 

The  F-16  aircraft  and  its  simulator-to- 
be  are  good  examples  of  modern-day  sys- 
tem complexity.  The  F-16  has  five  on- 
board computers  and  a very  elaborate 
man-machine  interface;  the  simulator 
will  have  not  only  all  this  equipment 


and  its  functions  represented  for  the 
pilot  trainee,  but  also  repeater  ver- 
sions represented  for  the  simulator 
instructor  so  that  he  can  follow  the 
actions  of  the  trainee  on  the  simulated 
flight.  Furthermore,  the  instructor's 
station  will  have  controls  for  pre- 
programmable  simulator  functions  for 
presenting  standardized  training  ex- 
ercises, and  a variety  of  audio  and 
video  aids  for  debriefing  purposes. 

All  of  this  must  be  orchestrated  into 
a meaningful  learning  experience. 

Little  wonder  that  Long,  and  the  audi- 
ence, believe  that  the  simulator  in- 
structor and  his  station  require  our 
best  shot.  The  technology  that  has 
made  the  F-16  aircraft  an  engineering 
achievement  is  the  same  technology  that 
will  be  used  to  build  the  F-16  simu- 
lator, and  Long  is  obviously  pleased 
with  it  and  proud  of  it,  but  he  feels 
that  the  simulator  instructor  can  be 
the  limiting  factor  in  the  simulator's 
training  capability.  Stated  another 
way:  The  elegant  simulator  hardware 
has  a very  human  instructor  in  the 
middle  of  it,  and  the  training  will 
be  no  better  than  he  is. 

Long's  main  design  idea  was  his 
"philosophy  of  equivalence"  in  which 
the  simulator  instructor's  station 
should  closely  parallel  the  pilot's 
cockpit  so  that  the  instructor's  task 
will  be  similar  to  the  one  that  is 
performed  while  flying.  The  instruc- 
tor's station  will  feel  comfortable 
to  the  instructor  because  he  will  be 
a pilot  trained  in  the  aircraft  being 
simulated,  and  he  will  learn  to  operate 
the  simulator  easily.  Maybe  so,  but 
the  instructor  in  the  university  teach- 
ing laboratory  needs  more  than  familiar 
equipment.  Without  pressing  the  aca- 
demic analogy  too  hard,  the  laboratory 
instructor  needs  a good  set  of  lecture 
notes  (the  simulator  syllabus) , a good 
set  of  laboratory  problems  (the  vari- 
ous navigations  and  combat  exercises) , 
he  should  deliver  feedback  on  student 
errors  and  questions  (the  capability 
to  interrupt  a training  exercise  and 
comment  on  performance)  and  he  should 
have  good  examinations  (devices  for 
the  measurement  of  proficiency  so  that 
the  pilot  trainee  and  the  simulator 
instructor  have  quantitative  informa- 
tion on  the  skill  level  that  the  trainee 
has  attained).  Perhaps  a few  instruc- 
tors have  the  intuitive  skill  to  do 
much  of  this  without  special  training 
but,  for  the  rest  of  them,  simulator 
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instructing  will  be  like  playing  an  or- 
gan where  the  hands  and  feet  are  all 
going  at  once;  the  trainee  will  get 
little  out  of  a simulator  instructor 
like  this.  Long  and  others  at  the 
meetings  said  that  a training  course 
for  simulator  instructors  is  the  answer. 
The  assignment  of  untrained  personnel 
to  simulator  instructing  is  a practice 
that  should  be  abandoned,  to  be  remem- 
bered only  as  a faltering  way  of  a less 
sophisticated  day  in  the  history  of 
flight  simulation.  (Jack  A.  Adams) 


HtiMAN  FACTORS  AND  MODF.RN  COHMIINICATION 
TI.CIINOLOCY 

The  Imperial  College  of  Science  and 
Technology,  University  of  London,  held 
a Symposium  on  Human  Factors  of  Communi- 
cation Technology  on  13  September  1977, 
and  it  turned  out  to  be  a discussion 
of  the  problems  encountered  in  improving 
ordinary  communications  by  devices 
such  as  conference  by  telephone  (tele- 
conferencing), the  audio-visual  picture- 
phone,  and  the  computer.  The  meeting 
was  organized  by  Professor  Colin  Cherry 
and  his  associate,  Paulina  Chan,  of 
the  F.lectrical  Kngineering  Department. 

It  may  seem  odd  that  a meeting  on  human 
factors,  with  a strong  psychology  fla- 
vor, should  be  sponsored  by  a professor 
of  engineering  who  is  widely  known  in 
the  field  of  informption  theory.  Yet, 
Cherry's  behavioral  interests  were 
broadly  ninted  as  early  as  19.S7  in  his 
book  On  Human  Communication  (Chapman 
and  Hall,  Ltd.,  London). 

All  of  us  use  reference  material 
every  day,  and  we  hardly  think  how  much 
time  that  we  spend  at  it — the  housewife 
looking  for  a recipe,  checking  the  the- 
ater column  in  a newspaper  for  a play, 
calling  up  the  airlines  for  a flight. 

The  swift  availability  of  this  informa- 
tion would  be  a boon  to  us  all,  or  so 
it  seems  to  the  UK  Post  Office.  Dr. 
Craham  Sharpless  (Philips  Research 
Laboratory,  Redhill,  Surrey,  UK)  de- 
scribed how  the  Post  Office  will  be 
running  a field  test  in  June  1978  of 
a computer-based  information  system, 
called  Viewdata,  that  can  make  substan- 
tial amounts  of  routinely  needed  in- 
formation from  a computer  data  base 
available  in  the  home  or  office  via  the 
telephone  lines  (for  accounts  of 


Viewdata  that  would  be  more  satisfying 
to  the  engineer  reader,  see  ESN  31-2;  72 
31-6:224).  One  thousand  units  will 
be  used  in  the  test,  half  in  homes 
and  half  in  b\isiness  establishments. 

The  display  unit  looks  like  a standard 
T\'  set  with  a simple  numeric  keyboard 
attached,  although  it's  not  (presum- 
ably, in  the  future,  home  TV  sets  could 
be  sold  with  a built-in  adapter  to  re- 
ceive and  display  computer-based  infor- 
mation from  the  telephone  lines).  The 
unit  of  stored  information  is  the 
"page,"  that  can  have  up  to  24  rows 
of  40  alphanumeric  characters,  in  color 
if  desired,  or  it  can  have  graphic 
information  along  with  printed  mate- 
rial. The  computer  will  store  60,000 
pages.  The  term  "page"  has  an  appro- 
priateness because  the  information  is 
presented  to  the  viewer  like  the  page 
of  a book  or  a slide.  The  idea  of  a 
system  such  as  this  is  not  new  with 
the  HK  Post  Office.  The  Reuters  news 
service  uses  cable  TV  in  New  York  City 
to  present  spec ialized  financial  infor- 
mation with  a 2000-page  system. 

The  pages  are  ordered  in  major  cate- 
gories, and  within  these  the  informa- 
tion is  hierarchically  arranged  as  a 
"tree."  The  keyboard  is  used  to  turn 
on  index  pages,  and  one  starts  by 
choosing  a major  category  like  Concerts 
Theaters,  or  Recipes  and  Food  Informa- 
tion. For  example,  suppose  a housewife 
wants  a recipe  for  cole  slaw.  'She  se- 
lects Food  Information  and  Recipes, 
from  which  she  selects  Salads.  Within 
the  Salads  subcategory  she  chooses 
Cabbage,  and  within  the  Cabbage  option 
she  selects  Cole  Slaw.  The  reciiie  for 
cole  slaw  then  ajpiears.  Retrieval  is 
slow,  taking  4-10  pages  and  uj)  to  8 sec 
per  page  to  obtain  the  desired  infor- 
mation. The  successive  keyboard  op- 
erations and  delays  may  be  frustrating 
for  the  user,  which  is  one  human-factor 
problem.  Another  is  that  the  system 
is  poor  for  browsing.  The  housewife 
in  search  of  a salad  recipe  may  not 
enter  the  system  with  a firm  decision 
to  serve  cole  slaw.  Instead,  she  may 
wish  to  look  at  a number  of  recipes 
and  find  something  new  and  exciting. 
This  would  be  a clumsy,  time-consuming 
operation  with  Viewdata.  The  rapid 
accessing  of  information  with  various 
search  strategies  is  a problem  which 
the  designers  may  have  to  solve  for 
full  public  acceptance. 

Another  theme  heard  was  that  bother- 
some human  factors  also  intrude  on  the 
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aids  that  communication  engineers  have 
given  us  for  group  meetings  without 
leaving  the  privacy  of  our  offices. 

Being  able  to  hold  a simultaneous  con- 
ference by  telephone  or  picturephone 
rather  than  endure  travel  to  a live  con- 
ference should  appeal  to  our  sense  of 
efficiency  and  be  accepted  by  us  all. 

Not  so.  Acceptance  of  these  new  commun- 
ication methods  has  been  slow.  People 
appear  unwilling  to  give  up  live  face- 
to-face  contacts.  Perhaps  they  like 
the  travel  to  conferences,  perhaps  they 
like  the  social  side  of  meetings,  or 
perhaps  live  meetings  help  them  maintain 
contacts  and  visibility.  In  the  Orient, 
meeting  a person  face-to-face  shows  re- 
spect, and  there  may  be  elements  of  this 
in  the  West.  That  the  acceptance  of 
these  new  devices  has  been  slow  shows 
that  the  need  for  them  is  not  strong. 

Put  another  way,  the  teleconferencing 
and  picturephone  methods  are  inventions 
looking  for  a need  rather  than  the  other 
way  around.  The  Viewdata  system  may 
have  the  same  problem.  Who  wants  it? 
Fortunately,  the  UK  Post  Office  is  not 
rushing  into  Viewdata  without  a field 
test  on  a sample  of  users.  The  Post 
Office  should  be  able  to  back  off  from 
Viewdata  without  embarassment  if  user 
rate  is  low  and  attitudes  toward  it  are 
poor.  (Jack  A.  Adams) 


SATELLITE  HEAL  THYSELF 

Satellite  Onboard  Computer  Technology 
Development  at  flritlsn  Aerospace 
Corporation 

Early  in  1977  the  British  aerospace 
industry  was  partially  nationalized 
through  the  merger  of  Hawker  Siddeley 
Aviation,  Hawker  Siddeley  Dynamics, 
British  Aircraft  Corporation,  and 
Scottish  Aviation.  The  new  entity  is 
known  as  the  British  Aerospace  Corpora- 
tion. It  is  interesting  to  note  that 
one  of  the  largest  British  aerospace 
corporations,  GEC  Marconi,  was  not  in- 
cluded in  the  nationalization  merger. 
Each  of  the  merged  companies  still  re- 
tains a great  deal  of  autonomy  and 


competes  with  the  others  for  aerospace 
contracts,  both  National  and  foreign. 
This  article  will  treat  one  of  these 
companies.  Hawker  Siddeley  Dynamics 
whose  product  divisions  include  space 
equipment,  guided  weapons,  infrared 
and  mechanical  equipment.  In  particu- 
lar, the  Space  Division,  under  an  Exec- 
utive Director  for  Space,  P.L.V. 

Hickman,  will  be  reported  on  with  an 
overall  view  of  current  production  pro- 
grams as  well  as  a look  at  several  in- 
ternal technology  development  programs, 
particularly  a satellite  onboard 
computer . 

Hawker  Siddeley  Dynamics  (USD)  Space 
Division's  organizational  structure 
consists  of  several  program  offices 
including  communications  satellites, 
scientific  satellites,  and  launch  ve- 
hicles; an  office  of  the  Chief  Engineer; 
and  various  supporting  divisions  includ- 
ing marketing,  costing,  and  production. 
The  Chief  Engineer  is  essentially  in 
charge  of  research  and  development  and 
his  office  provides  support  to  the 
various  program  offices  as  required. 

The  R5D  program  is  maintained  to  assure 
technical  competence  at  the  systems 
level  as  a prime  contractor,  subcontrac- 
tor, and  supplier  of  special  equipments. 
Some  of  the  past  programs  for  which 
HSD  has  been  prime  contractor  include: 
ESRO  II,  the  first  satellite  launched 
bv  the  European  Space  Agency  (ESA) , 
wnich  carried  a scientific  payload  de- 
signed to  measure  the  energy  spectrum 
of  primary  cosmic-radiation  electrons; 
ESRO  IV,  another  ES/  scientific  satel- 
lite, designed  to  investigate  the  na- 
ture of  drift  ions  and  electron  temper- 
atures and  densities;  X4  MIRANDA,  the 
first  all-British  three-axis-stabilized 
satellite  designed  to  study  advanced 
spacecraft  technology  in  the  areas  of 
attitude  control,  lightweight  flexible 
solar  arrays,  and  star,  earth,  and 
sun  sensors;  and  the  Blue  Streak  rocket 
that  was  the  first  stage  of  a British- 
French-  German  rocket  known  as  the 
EURO PA. 

HSD  is  currently  prime  contractor 
for  the  ESA-sponsored  satellites  OTS 
(Orbiting  Technology  Satellite),  de- 
signed to  demonstrate  transmission 
techniques  for  future  European  regional- 
coverage  communications  satellites, 
and  MAROTS,  a communications  satellite 
designed  to  provide  maritime  communi- 
cations services.  At  the  subsystem 
level,  HSD  is  currently  providing  the 
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pallet  section  for  SPACKLAB  which  in- 
corporates advanced  lightweight  struc- 
ture technology  and  which  will  serve 
as  the  platform  for  mounting  SPACEI.AB 
experimental  payloads;  the  antenna  dish 
for  the  INTELSAT  V communications  satel- 
lite; and  the  autopilot  electronics  and 
other  component  subsystems  for  the 
ARIANE  launch  vehicle  (an  expendable 
launch  vehicle  in  the  Atlas  Centaur 
class).  To  assist  in  accomplishing  its 
mission  as  a top-notch  spacecraft  con- 
tractor, HSD  is  well  equipped  with  the 
latest  in  clean-room,  environmental 
testing,  and  computer  facilities,  and 
boasts  the  largest  commercially  avail- 
able anechoic  chamber  in  the  world  for 
electromagnetic  measurements. 

Turning  to  the  area  of  technology 
development,  one  of  the  more  interesting 
and  highest-priority  programs  underway 
at  fISl)  is  their  satellite  onboard  com- 
liuter  (OBC)  project.  This  project  was 
stimulated  by  the  realization  that  as 
satellites  become  more  complex,  the 
need  for  automatic  operations  in  orbit 
would  increase.  The  program  started 
in  1972  when  IISU  began  to  examine  the 
electronics  that  would  be  required 
for  satellite  appl  ica  t io;is  in  the  1980s. 
The  conclusion  reached  was  that  a long- 
life h igh- re  1 i ab i 1 i ty  onboard  computer 
processor  would  be  required  to  handle 
various  housekeeping  functions  and  in 
some  cases  direct  jiayload  functions. 

It  was  further  decided  that  to  attain 
such  a device  it  would  hove  to  be  de- 
signed from  scratch,  as  the  use  of  off- 
the-shelf  microprocessors  in  a piecemeal 
fashion  would  not  be  effective.  Various 
items  had  to  be  taken  into  consideration 
such  as  expected  failure  modes  in  the 
satellite  and  their  effects  on  the  sat- 
ellite function  involved.  The  space- 
craft contractor  would  specifically  need 
to  take  into  account  reconfiguration 
capability  and  the  interaction  between 
software  and  hardware  design  to  meet 
that  requirement.  Based  on  these  items 
and  certain  assumptions  about  various 
satellite  payloads,  USD  formulated  a 
program  that  has  been  on-goinft  since 
1975.  The  intent  is  to  have  an  engi- 
neering model  of  the  computer  available 
in  1979  at  which  time  the  model  is  ex- 
pected to  be  one  to  two  years  ahead  of 
the  state-of-the-art. 

The  OBC  is  being  developed  to  be 
as  powerful  as  a commercial  minicomputer 
while  possessing  the  special  character- 
istics required  for  in-space  use. 

These  characteristics  include  self- 


repai rab i 1 i t y for  unattended  use  over 
an  operational  period  of  7-10  years 
in  space,  low  weight  and  power  consump- 
tion, and  small  size.  To  achieve  this, 
use  is  being  made  throughout  the  design 
of  custom,  large-scale  integrated- 
circuit  (LSI)  technology.  The  relia- 
bility goal  for  the  OBC  will  be  0.95 
over  a seven-year  period.  The  mass 
of  the  computer  is  to  be  less  than 
20  kg  with  approximate  dimensions 
of  280  X 210  X 245  mm  high.  Power 
requirements  are  anticipated  at  less 
than  15  K.  The  system  is  completely 
modular,  and  any  comhination  of  units 
up  to  16  is  possible.  The  central 
processing  module  (CPU)  consists  of 
two  identical  CPUs  eacli  capable  of 
16-bit  parallel  operation  with  8 soft- 
ware accessible  registers  and  7 soft- 
ware invisible  registers.  The  instruc- 
tion time  is  about  3 us,  and  the  ojier- 
ating  memory  is  about  20-K  words.  In 
order  to  meet  the  system  retiuiremcnt 
of  satellite  operation,  the  CPU  has 
three  major  distinguishing  features: 
it  is  designed  to  bo  programmed  in 
a High  Level  Language  (HLL) ; it  supports 
a variety  of  multiprogramming  ojierating 
systems;  and  it  has  built-in  systematic 
and  comprehensive  error-detection  and 
faul t -managemon t facilities.  Except 
for  shielding  against  tlie  natural  space 
environment,  the  unit  is  not  radiation 
hardened. 

Several  other  areas  of  s]iace  tech- 
nology dcvelo])mcnt  underway  at  HS!) 
include  a multichannel  radiometer  for 
the  Nimbus  C scientific  satellite 
that  is  designed  to  measure  the  temper- 
ature of  the  stratosphere  and  mesosjihere 
up  to  an  altitude  of  90  km.  It  is  the 
first  radiometer  cajiable  of  simultane- 
ously measuring  the  mixing  ratio  of 
six  constituent  gases  of  the  P.arth's 
atmosphere.  The  device  incorporates 
a complex  optical  system  that  allows 
the  incoming  energy  to  be  S]ilit  into 
six  separate  optical  channels.  An 
electronics  package  I'rovides  power, 
control  logic,  signal  jirocessing, 
and  da ta -hand  1 ing  functions.  IISD  is 
also  developing  an  advanced  Bearing 
and  Power  Transfer  Assembly  that  rotates 
solar-array  panels  at  the  rate  of 
one  revolution  per  day  in  order  to 
keep  the  array  pointing  continuously 
at  the  sun  for  maximum  energy  utiliza- 
tion. The  device  also  provides  the 
moans  of  transferring  the  electrical 
power  generated  by  the  solar  cells  to 
the  spacecraft  power  bus. 
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USD  is  deeply  involved  in  developing 
foreign  markets  as  evidenced  by  its  cur- 
rent efforts  to  obtain  the  contract  for 
the  ESA- sponsored  European  Communica- 
tions Satellite  (ECS)  and  the  regional 
communications  satellite  for  the  League 
of  Arab  States  (ARABSAT) . This  places 
the  Company  in  heavy  competition,  not 
only  with  other  UK  spacecraft  companies 
bi't  also  with  its  American  counterparts. 
Based  on  these  efforts  and  past  perform- 
ance in  obtaining  prime  contracts  for 
a variety  of  different  types  of  satel- 
lites, one  cannot  help  but  feel  that 
USD  is  in  the  forefront  of  exploiting 
the  utilization  of  space  and  space  tech- 
nology as  an  aerospace  corporation. 
(Robert  W.  Rostron) 


NEWS  & IMOTES 


^ OPEN  URSI  SYMPOSIUM  AT  LA  BAULE 

The  International  Scientific  Radio 
Union  (URSI)  has,  in  the  past,  operated 
a kind  of  closed  shop  by  limiting  parti- 
cipation in  its  International  Symposia 
to  authors  and  attendees  who  were  either 
members  or  invitees  of  the  various  Na- 
tional Committees.  At  the  XVIIIth 
General  Assembly  held  in  Lima,  Peru  in 
1975,  it  was  decided  to  open  participa- 
tion in  International  URSI  Symposia 
to  any  interested  person.  Commission  F 
(Wave  Phenomena  in  Non- Ionized  Media) 
was  the  first  of  llRSl's  eight  Commis- 
sions to  follow  this  recommendation, 
holding  an  Open  Symposium  at  La  Baule, 
France,  on  28  April-6  May  1977.  The 
response  was  reasonably  heavy,  with 
140  papers  accepted  from  17  countries. 

John  Saxton  of  the  Appleton  Labora- 
tory |)rovided  historical  perspective 
by  tracing  the  evolution  of  the  inter- 
relationships among  the  various  inter- 
national telecommunications  organiza- 
tions (ITU,  CCIR,  CCITT)  that  serve  as 
customers  for  the  scientific  output  of 
Commission  F.  He  also  set  the  tone  of 
the  conference  by  indicating  the  techni- 
cal areas  having  greatest  impact  on 
practical  problems  in  space  and  terres- 
trial communications  at  microwave  fre- 
quencies. The  topics  emphasized  were 
cloud  and  precipitation  effects  on  a 
worldwide  basis,  and  tropospheric 


propagation  in  clear  air.  The  organiz- 
ers added  variety  by  scheduling  addi- 
tional sessions  on  remote  sensing, 
transmission -channel  characteristics , 
and  preliminary  experiments  with  the 
ATS-6  satellite.  The  interested  reader 
will  find  most  of  the  papers  appearing 
shortly  in  special  issues  of  Annalea  Dee 
Teleaommunioatione  (effects  of  precipi- 
tation, transmission-channel  charac- 
teristics, ATS-6  propagation  experiments) 
and  Radio  Soienae  ( propagation  in 
clear  air,  remote  sensing  in  the  sub- 
surface, surface  and  atmospheric  re- 
gimes). These  are  scheduled  for  early 
1978.  Others  of  the  papers  were  pub- 
lished shortly  before  or  after  the 
Symposium  itself. 

On  the  whole,  the  meeting  satisfied 
rather  well  the  stringent  criteria  for 
success  enunciated  by  Nunn  in  an  earlier 
issue  of  this  periodical  [ESN  31-2). 

Most  of  the  participants  judged  the 
locale  and  local  arrangements  to  be 
congenial,  their  colleagues  to  pro- 
vide amiable  and  interesting  social 
and  intellectual  interactions,  and  the- 
body  of  presented  papers  to  carry  a 
reasonable  technical  message.  There 
were  few  multiple  sessions,  so  fragmen- 
tation by  discipline  was  minimized  and 
the  symposium  was  kept  cohesive,  if 
not  totally  coherent.  The  only  sour 
note,  accepted  with  amused  incredulity 
by  the  conferees,  was  sounded  by  an 
edgy  bureaucracy  which  cancelled  a 
scheduled  trip  to  the  shipyards  of 
St.  Nazare  because  of  the  presence  of 
.Tapanese  nationals  in  the  party,  then 
prohibited  a substitute  excursion  to 
the  Concorde  assembly  plant  because 
of  the  presence  of  Americans.  In  seek- 
ing a diversion  sufficiently  innocent 
of  economlc/pol i t ical  implications  to 
win  the  approval  of  the  authorities, 
the  local  committee  submitted  a tour 
of  the  Muscadet  vineyards  of  the  Nantes 
region,  which  was  finally  approved. 

For  all  that,  the  Symposium  was  an  aus- 
picious beginning  to  what  must  become 
continuing  URSI  policy  for  its  inter- 
national scientific  meetings. 

(Lewis  B.  Wetzel , Naval  Research  Lab- 
oratory, Washington,  DC) 

PERSONAL 

Dr.  R.  Barker  and  Di.  G.R.  Luckhurst, 
Readers  in  (Chemistry  at  Southampton 
University,  have  had  the  tit’  of 
Professor  conferred  upon  them. 
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The  Court  of  the  University  of 
hdinburKh  has  appointed  Professor 
Jeffrey  11.  Collins,  at  present  T’ersonal 
Professor  of  Industrial  lilectronics  in 
the  Department  of  lUectrical  engineer- 
ing, to  the  Chair  of  Electrical  Engi- 
neering following  the  retirement  of 
Professor  W.E.J.  Parvis. 

Professor  Sir  Sam  TTdwards  has  been 
appointed  Chairman  of  the  Council  of 
the  British  Association  for  the  Advance- 
ment of  Science.  He  was  Chairman  of 
the  Science  Research  Council  from  1973 
until  September  1977. 

Dr.  M.J.  Eanigan,  formerly  General 
Manager^  Plessey  Processor  Unit,  Slough, 
has  been  appointed  Professor  of  Digital 
Electronics  at  the  University  of  Kent 
in  Canterbury. 

Dr.  M..J.  Morgan,  Lecturer  in  Psy- 
chol ogy~an3~a~FeTTow  and  tutor  of 
Queen's  College,  University  of 
Cambridge,  has  been  appointed  to  a Chair 
of  Psychology  at  the  University  of 
Durham . 

On  30  November  1977,  the  Royal  So- 
ciety awarded  the  following  medals: 

The  Copley  Medal  to  Dr.  P.  .Sanger  of 
the  Medical  Research  Counc i 1 ' s Lahora- 
tory  of  Molecular  Biology  at  Cambridge; 
the  Davy  Medal  to  Professor  A.R. 

Ba 1 1 e rsby  , Professor  of  Organic  Chem- 
istry  at  the  University  of  Cambridge; 
the  Buchanan  Medal  to  Sir  David  Evans, 
now  at  the  Sir  William  Dunn  School  oT 
Pathology,  University  of  Oxford;  the 
Hughes  Medal  to  Professor  A.  Hewish, 
Professor  of  Radio  Astronomy  at  the 
University  of  Cambridge. 

Dr.  G.M.  Stephenson,  Reader  in  Psy- 
chology at  the  University  of  Nottingham, 
has  been  appointed  Professor  of  Social 
Psychology  at  the  University  of  Kent. 

Professor  Arthur  Sumnierfield,  Pro- 
fessor  of  Psychology  at  BirRhecTc  Col- 
lege, University  of  London,  has  been 
elected  president  of  the  International 
Social  Sciences  Council  in  Paris,  which 
advises  UNESCO. 

Dr.  d-A.  Tyrrell,  I-RS , Deputy  Di- 
rect or^oiTTh^MeTrcai  Research  Council's 
chemical  research  center,  Northwlck 
Park,  London,  has  been  appointed  Manag- 
ing Trustee  of  the  Nuffield  foundation. 

Dr.  Stanley  Whitley,  Chief  Physi- 
cist at  the  Capenhurst  nuclear  plant 
in  Cheshire,  is  one  of  eight  scientists 
to  be  awarded  the  1977  Krupp  von  Bohlen 
und  Halbach  Energy  Prize,  worth 
DM  500,000  (about  $224,000)  for  his 
work  on  Britain's  centrifuge  uranium- 


enrichment  plant.  His  share  will  be 
about  $27,750. 

Professor  William  Leslie  Wilcock, 

Chairman  of  the  School  of  Physical  and 
Molecular  Sciences  and  Professor  of 
Physics  at  the  University  College  of 
North  Wales,  Bangor,  has  been  awarded 
the  Arnold  0.  Bechman  award  by  the 
Instrument  Society  of  America.  It  is 
awarded  for  contributions  to  the  con- 
ception and  im[)lementation  of  a new 
principle  of  instrument  design,  de- 
velopment, or  application. 

Dr.  P..*4.  Wilkinson,  previously  at 
the  Owens  Valley  Radio  Observatory, 

California  Institute  of  Technology, 
has  been  appointed  Weir  Research  I'e  1 - 
low  at  the  Nuffield  Radio  Astronomy 
Laboratories,  .lodrcll  Bank,  near 
Manchester,  as  of  1 November  1977. 

OBITUARIES 

Dr.  William  Bullerwcll,  l-'RS,  ERSE, 

Deputy  Director  of  the  Institute  of 
Geological  Sciences,  died  in  November 
at  the  age  of  61.  After  WWll  service, 
he  joined  tlie  Geologic.il  Survey  of 
Great  Britain  in  1946.  Soon  after,  he 
established  a Geophysical  De|iartmcnt 
and  in  1949  he  started  a regional 
gravity  survey  of  the  UK,  the  first 
results  of  whicli  were  jiublished  in 
1954.  As  Chief  Geophysicist  from 
1962  he  broadened  the  Department  to 
cover  all  aspects  of  science.  In  19()5 
the  Institute  of  Geological  Sciences 
was  formed  by  the  amalgamat  io?i  of  the 
Geological  Survey  and  the  (Iverseas 
Geological  Surveys,  and  in  1967 
Bullerwcll  was  appointed  De|)uty  Di- 
rector. His  numerous  overseas  activ- 
ities included  membership  in  the  In- 
ternational Gravity  Bureau,  and  on 
behalf  of  UNES(;o  and  its  associated 
bodies,  he  guided  much  geophysical 
mineral  exploration  in  the  Ear  llast. 

Mr.  Arthur  Page,  CBE,  ERS,  ERACS, 
died  7 November  at  the  age  of  87.  He 
was  one  of  the  last  survivors  of  the 
group  of  scientists  who,  in  the  years 
before  WWl,  began  to  establish  the 
rejtutation  of  the  National  Physic.il 
Laboratory  in  aerodynamics  research. 

He  joined  the  Nl’L  in  1912,  and  worked, 
as  did  the  other  scientific  staff, 
on  problems  as  they  arose.  They  often 
designed  and  even  constructed  their 
own  apparatus.  This  background  af- 
forded Eage  the  experience  to  write 
The  Aeroplane , five  editions  of  which  I 

appeared  between  1915  and  1918.  A ! 
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second  book,  Mvaovewa  , was  published  and  he  wrote  several  papers  on  this 

in  1920.  Upon  its  completion,  Page  subject, 

began  to  concentrate  on  fundamental  re- 
search on  fluid  motion,  especially  on 
boundary  layers  and  turbulence.  This 
work  led  to  the  publication  of  many 
scientific  papers,  securing  his  interna- 
tional reputation.  In  1925,  Page  was 
made  Deputy  Superintendent  of  NPL  and 
in  1946  he  became  Superintendent. 

Shortly  after  his  retirement  in  1953, 
he  was  awarded  the  honor,  Commander, 

Order  of  the  British  Empire  (CBI;). 

Professor  William  Klyne,  FRIC,  died 
on  l3  iJovember  at  the  age  of  64.  After 
previous  experience  as  a Lecturer  and 
later  as  a Reader  in  Biochemistry,  he 
was  appointed  the  first  Professor  of 
Chemistry  at  Westfield  College,  Uni- 
versity of  London,  in  1960  and  was  one 
of  the  chief  architects  of  the  newly 
founded  Science  Faculty  there.  Mis 
research  interests  spanned  a wide  area 
including  the  stereochemistry  of  or- 
ganic molecules,  study  of  biologically 
important  compounds  such  as  steroids, 
and  application  of  chiroptical  tech- 
niques to  chemical  problems.  Me  was 
the  author  of  the  book.  The  Chemiatry 
of  Steroida , and  a multivolume  Atlaa 
of  Stereoohemioal  Corpelationa , pub- 
lished in  1957  and  1974,  respectively. 

As  a result  of  his  gift  for  forging 
international  collaboration  links, 

Westfield  College  became  the  home  of 
the  MRC  Steroid  Reference  Collection 
Talso  supported  by  the  US  National 
Institutes  of  Health)  from  which  sam- 
ples are  sent  to  research  groups  in  all 
parts  of  the  world.  Under  his  guidance, 

Westfield  also  became  a nationally  sup- 
ported center  for  chiroptical  studies. 

Dr.  Stanley  Raimes,  Reader  in 
Mathemat ics  , Imperial  College  of  Sci- 


once  and  Technology,  University  of 

Londor. , died  on  1 .November  at  the  age 
of  50.  Mis  career  was  entirely  spent 
with  Imperial  College  where  he  was 
educated  and  later  became  a Lecturer. 

He  became  a Reader  in  Mathematics  in 

/ 

1960.  For  some  twenty- five  years,  he 
was  the  principal  teacher  of  mathematics 
to  undergraduate  physicists  and  was  the 
author  of  two  well-known  textbooks. 

l/aue  Meohaniaa  of  Eleatrone  in  Metala , 
and  Many  Eleatror.  Theory,  His  re- 
search work  was  concerned  with  the  cal- 
culation of  the  cohesive  energies  of 
metals  and  alloys.  Me  was  one  of  the 
first  to  recognize  the  importance  of 
the  new  ideas  of  the  195  Oera  regard- 
ing plasma  osc ill.nt ions  in  metals. 
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R-11-77  INFORMATION  THEORY  IN  HUNGARY  by  N.M.  Blachman 

This  report  discusses  the  work  of  the  Mathematical  Institute 
of  the  Hungarian  Academy  of  Sciences  with  emphasis  on  its 
Information  Theory  and  Statistics  Groups.  The  work  of  the 
Institute  for  Communication  Electronics  of  the  Technical 
University  of  Budapest  is  also  mentioned  together  with  a 
general  picture  of  the  Faculty  of  Electrical  Engineering. 
Some  remarks  are  included  concerning  information-theoretical 
research  elsewhere  in  Hungary. 


C-10-77  SIXTH  ANNUAL  CONFERENCE  OF  THE  INTERNATIONAL  SOCIETY  FOR 

EXPERIMENTAL  HEMATOLOGY,  BASEL,  SWITZERLAND,  28-31  AUGUST 
1977  by  R.I.  Walker 

This  report  summarizes  a meeting  held  in  Basel,  Switzerland 
(August  1977)  in  which  over  300  scientists  from  Europe, 
United  States,  and  several  other  countries  interchanged  cur- 
rent information  regarding  clinical  and  laboratory  experi- 
ence in  hematology.  The  presentations  concerned  regulatory 
mechanisms  behind  cell  proliferation  and  functional  aspects 
of  matured  cells.  Applications  of  these  basic  science  prin- 
ciples to  treatment  of  hematologic  disorders  in  human  and 
animal  models  were  described. 


C-12-77  OPTICAL  FIBERS,  INTEGRATED  OPTICS,  AND  THEIR  MILITARY  APPLI- 

CATIONS, LONDON,  ENGLAND,  16-20  MAY  1977  by  V.N.  Smiley 

A review  is  given  of  some  of  the  papers  presented  at  a Con- 
ference which  was  held  in  London,  16-20  May  1977.  Emphasis 
is  placed  on  past,  present,  and  future  devices  for  military 
applications.  The  review  is  organized  in  the  same  manner 
as  the  Conference  format  under  the  subtitles;  systems, 
integrated  ojitics,  propagation,  sources  and  detectors,  and 
couplers . 


C-13-77 


SEVENTH  INTERNATIONAL  CONFERENCE  ON  AMORPHOUS  AND  LIQUID 
SEMICONDUCTORS  AT  EDINBURGH  by  S.G.  Bishop,  T.L.  Reinecke, 

U.  Strom,  P.C.  Taylor,  and  C.C.  Klick 

A review  is  given  of  the  Seventh  International  Conference 
on  Amorphous  and  Liquid  Semiconductors  held  in  Edinburgh 
at  the  end  of  June  1977.  Topics  covered  in  the  report  in- 
clude the  nature  of  localized  states  in  chalcogenide  glasses, 
dispersive  electronic  transport,  electronic  conductivity 
at  the  Si-SiOj  interface,  amorphous  Si  and  Ge , thermal  and 
vibrational  properties  of  amorphous  solids,  luminescence 
in  oxide  glasses,  and  disordered  organic  solids. 


MICROWAVE  MAGIC  oy  J.B.  Bateman 

This  is  a report,  with  critical  comment,  of  a meeting  con- 
vened by  a microwave  research  department  within  the  French 
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national  research  center  for  space  and  aeronautics  in  order 
to  present  the  results  of  current  French  research  on  the 
biological  effects  of  microwaves.  The  report  proper  is  pre- 
ceded by  notes  on  the  sponsoring  organizations  and  by  criti- 
cal remarks  on  a series  of  papers  describing  the  remarkable 
biological  properties  of  the  physically  uncharacter ized  ra- 
diation emitted  by  an  apparatus  assembled  by  th-^  inventor, 

A.  Priore.  The  topics  discussed  ranged  from  sptcific  effects 
of  microwaves  on  microorganisms  and  on  the  vertebrate  cen- 
tral nervous  system,  to  discussions  of  microwave  thermography 
and  microwave  heating  in  the  diagnosis  and  treatment  of  can- 
cer. The  empirical  approaches  generally  used  deflected  at- 
tention from  any  thorough-going  attention  to  the  vexed  ques- 
tion of  thermal  versus  non-thermal  effects,  although  a use- 
ful distinction  was  drawn  between  the  conditions  under  which 
non-thermal  effects  might  be  detectable  and  those  under  which 
such  effects  would  be  obscured  by  temperature  changes. 


C-15-77  ACOUSTIC  DETECTION  OF  NEUTRINO  INTERACTIONS  IN  THE  OCEAN: 

THE  1977  DUMAND  SUMMER  WORKSHOP,  MOSCOW,  26-28  .JUNE  1977 
by  A.  Roberts 

This  was  the  third  in  a series  of  Workshops  to  foster  the 
collaboration  of  high-energy,  cosmic-ray,  and  theoretical 
physicists,  astrophysicists,  astronomers,  acousticians,  com- 
puter scientists,  geophysicists,  oceanographers,  ocean  en- 
gineers, and  other  assorted  enthusiasts,  all  captivated  by 
the  objective  to  use  the  ocean  as  a gigantic  neutrino 
detector. 


C-17-77  THE  THIRTEENTH  lUPAP  CONFERENCE  ON  STATISTICAL  PHYSICS  by 

H.  Ruskin  and  R.  Cherry 

This  report  summarizes  selected  papers  and  reviews  given 
at  the  Statphys-13  Conference  held  this  summer  in  Haifa, 
Israel.  Topics  mentioned  include  fluctuation  scaling,  per- 
colation processes,  series  expansions  and  renormalization 
techniques  applied  to  various  problems,  fluids  and  turbulence, 
random  systems,  and  many  other  areas  of  investigation  in 
which  the  methods  of  Statistical  Physics  have  been  success- 
fully employed. 


C-14-77 
(cont ' d) 
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on  Inspection  of  Aircraft  Components 
Material  Preparation  at  RSRB— Towards  a More 
Perfect  Crystal 

9th  Annual  British  Mass  Spectrometry  Meeting, 
University  College  of  Swansea,  Wales 

MATHEMATICS  AND  INFORMATION  SCIENCES 

The  NAG  Library  of  Algorithms  for  Engineering 
and  Scientific  Computing 
The  Dundee  Conference  on  Numerical  Analysis 
The  Contribution  of  J.H.  Wilkinson  to 

Nianerlcal  Analysis — A Giant  Step  Backward 
Getting  Things  into  Focus  in  Norway — Acoustic- 
Wave  and  Water-Wave  Research 
Computer-Aided  Ship-Hull  Definition  at  the 
Hamburg  Ship  Model  Basin 

MECHANICS 

AGARD  Conference  on  Fracture-Mechanics  Design 
Methodology 

Fluids  Research  at  the  Institut  fur 
Stromungslehre  and  Stroisungsinachlne  in 
Karlsruhe 

The  Aerodynamlsches  Institut  in  Aachen 
Turbcmachinery  Flow  Research  at  the  Whittle 
Laboratory,  Cambridge 

The  Fluids  Group  of  the  Institute  of  Mechanics, 
Darmstadt 

The  Institut  fur  Hydromechanlk,  Karlsrtdie 
Fluid  Mechanics  Research  at  the  Aerodynamlsche 
Versuchsanstalt,  Gottingen 
About  Dolphins 
Fluid  Mechanics  i la  Dansk 
The  AGARD  Symposium  on  Lamlnar-to-Turbulent 
Transitions 

Physical  Chemistry  and  Hydrodynamics — The 
Levlch  60th  Birthday 
The  Berlin  Symposium  on  Turbulence 
The  Second  International  Conference  on  Drag 
Reduction 

The  XIII  Biennial  Fluid  Dynamics  Symposium 
Aeronautics  at  the  Polytachnium  of  Torino 
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OCEAN  SCIENCES  AND  TECHNOLOGY 

Marine  Science  in  Greece 
Norwegian  Offshore  Technology — Small  Is 
Beautiful 

Underwater  Transducer  Design  Problems 
The  New  National  Maritime  Institute  and  Its 
Focus  on  Offshore  Research 
Concrete  Ships — Is  There  a Future? 

Environmental  Loading  of  Offshore  Structures 

Electronics  in  the  Fish  Industry 

The  Institute  for  Shipbuilding  of  the 

University  of  Hamburg  emd  the  Hamburg  Ship 
Model  Basin 

Wave  Energy  and  Underwater  Technology  at 
Goteborg 

Oceanograflska  Instltutionen,  Goteborg,  Sweden 
Wave  Research  in  the  French  Petroleum  Industry 
Water-Wave  Dynamics  at  Cambridge  University 
Institut  fur  Schiffbau,  University  of  Hamburg 
Oceanography  in  Bergen 

European  Undersea  Biomedical  Society  Meeting 
Diving  Research  in  Toulon  and  Marseille 
Physical  Oceanography  in  Cambridge 
^pplication  of  Remote  Sensing  to  Ocean 
Surveillance — AGARD  Lecture  Series 
•JATO  Air-Sea  Interaction  Syn^iosium 

PHYSICAL  SCIENCES 

nternational  Conference  on  Superconducting 
Devices 

1976  International  Conference  on  Magnetism 
International  Conference  on  Magneto-Optics 
Eighth  International  Colloquium  on  Magnetic 
“Thin"  Films 

Searching  for  Energy  with  the  "Solar  Eyeball" 
Acoustic  Emission  and  Microstructural  Damage 
New  Has  Lasers — The  Search  Continues 
UK  Solid  State  Conference  '77 
Brighter  Holographic  Images  at  Loughborough 
Laser  Spectroscopy  at  the  University  of  Sussex 
Acoustics  at  the  University  of  Bath 
Atomic  and  Molecular  Physics — A Conference 
in  the  UK 

Conference  on  Semiconductor  Injection  Lasers 
and  Their  Applications,  Cardiff,  Wales, 

31  March-1  April  1977 

Guided  Optical  Military  Communications — An 
AGARD  Conference 

The  1977  DUMAND  Summer  Workshop,  Moscow 
High-Power  Lasers  and  Applications — A 
Conference  at  Munich 
One-Terawatt  Iodine  Laser — Asterisk  III 
Seeking  Through  Fog  and  Better  Images  at 
Erlangen 

Some  Physics  Research  at  Chalmers  Institute 
of  Technology 
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Acoustics  at  Trondheim 

Dye-Laser  Investigations  at  the  Ecole 
Polytechnique 

Ultra-High-Energy  Laser  Coatings  Available 
from  Ellen  Vannin 

dBs  and  the  Fans 

Lattice  Dynamics — -1977 

Better  Clocks  in  France 

A Max-Planck  Laser  Institute  in  Garching — 
Maybe? 

Lasers  euid  Magnetic  Resonance 

Probing  the  Stratosphere  with  Lasers  at 
Verrieres-le-Bruisson 

TECHNOLOGY 

Viewdata  and  Teletext 

Technological  Innovation  in  the  UK — A Case 
Study 

Interactive  Design  Systems  for  British 
Industry  (?) 
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